
Coeur d’Alene Lake and River (17010303) 
Sub-basin Assessment and Proposed Total 

Maximum Daily Loads 

Idaho Department 
of Health and Welfare 
Division of 
Environmental Quality 

December 23,1999 



TabIe of Contents 

1. Executive Summary .................................................................... ;....... ....... 
2. Coeur d'Alene Lake Subbasin (17010303) Assessment .......................... 

1 

1 

Prologue ................................................................................................ 1 

Characteristics of the Watershed ......................................................... 1 

Regulatory Requirements. ................................................................... 6 

9 

Pollutant Sources .................................................................... 9 

Water Quality Concerns and Status ..................................................... 

Available water quality data ................................................... 
Fish Population Data .............................................................. 22 

10 

Sedimentation Estimates.. ....................................................... 23 

Beneficial Use Support Status ................................................ 30 

Pollution Control ............................................................................... 32 

References. ........................................................................................ ' 35 

Appendix A Fish Population Data 

Appendix B: Sediment Model Assuttlptions and Documentation 

Appendix C: Sediment Model Data Spreadsheets 

3. Proposed Total Maximum Daily Loads for Water Quality Limited Water 
Bodies ofthe Coeur d'Alene Lake Sub-basin (17010303) ................................ 1 

3.1 Proposed Wolf Lodge Creek Watershed Sediment TMDL ......................... 1 

3.2 Proposed Cougar and Mica Creek Watersheds Sediment TMDLs .............. 1 

3.3 Proposed Latour Creek Watershed Sediment M L  ................................. 1 

3.4 Proposed Mica Creek Bacteria TMDL....................................,..,.......-....... 1 

4. Responsiveness Summary.... .............................................................................. 1 



1. Executive Summary ofthe Coeur d’Alene Lake and River 
(17010303) Sub-basin Assessment and Proposed Total 
Maximum Daily Loads 

The Coew d’Alene Lake and River Sub-basin consists of the C o w  d’Alene Lake and River and 
those water bodies which drain directly to the river and the lake. The sub-basin mntains 30 
water bodies which have been listed as water quality limited on the Section 303(d) Clean Water 
Act lists. The beneficial uses of these streams and lakes are generally cold water biota and 
primary contact recreation although the river and the lake and a few additional lakes have more 
extensive beneficial uses designated in the Idaho water quality standards. These water bodies are 
listed for one or more of the following pofhhts: bacteria, habitat alteration, nutrients, 
sediment, dissolved oxygen, oil and grease, pH and temperature. 

The existing data for each of the water bodies is reviewed in the sub-basin assessment. Where 
those data were inconclusive, additional data on bacteria, nutrients and temperature were 
collected during the summer months of 1999. The sediment generation of the watersheds of 
those water bodies listed as limited by excess sedimentation was modeled. Following d y s i s  of 
the data and the modeling results, eighteen water bodies in the subbasin were verified to be 
water quality limited by at least one pollutant: eleven for temperature, eight for sediment and one 
for bacteria. Fernan Lake was not found limited, but nutrient levels are suffciently high to 
warrant an advisory total maximum daily load (TMDL). The temperature TMDLs have been 
deferred by the state until state temperature criteria are fully examined and if necessary adjustsd. 
The sediment limitations in the upper two segments of the Coeur d’Alene River can practically 
be addressed by sediment TMDLs for the North and South Forks of the Coeur d’Alene River. 
Lake Creek, which is sediment limited, is wholly on the C o w  d’Alene Reservation and the lead 
agency responsible is EPA. 

Proposed total maximum daily loads for sediment were developed for Wolf Lodge Creek 
including its tributary Cedar Creek, Cougar Creek, Mica Creek and Latour Creek including its 
tributaries Baldy and Larch Creeks. A TMDL for bacteria was developed for Mica Creek. 

A thirty-day public comment period was provided from November 18 through December 17, 
1999. Three letters of comment containing twenty-three substantive comments were received by 
the close of the comment period. The draft TMDLs were revised based on the comment 
recieved. A responsiveness summary discusses all the comments received. 
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2. COEUR D’ALENE LAKE AND RIVER SUB-BASIN 
(17010303) ASSESSMENT 

2.0 Coeur d’Aiene Lake and River Sub-basin Water Quality at I Glance 

Water Oualitv at a G W  e: 

Hydrologic Unit Code .......................... 17010303 
Water Quality Limited Segments .......... Coeur d’Alene Lake 

md River with several 
tributaries 

Spawning, Recreation 
Beplt$ciai Uses A$-cted ....................... Cold Water Biota, Salmonid 

Pollutaplts of Concern ........................... Sediment, temperature 
Known Lmd Uses ................................. Forestry, agriculture, urban 

i 

2.0.1 Prologue: 

The impacts of the trace (heavy) metals cadmium, lead and zinc have been addresssd in assessments 
of the Corn d’Alene River and the Cmur #Nene Lake Plan (DEQ, 1996a; IDEQ, 1998a). Total 
maximum daily load documents have been developed for these pollutants (IDEQ, 199Sb; IDEQ, 
1998~). This sub-basin assessment addresses the non-metallic pollutants of concern. For 
background on the lake and the river the reader is referred to the documents cited. 

2.1. Characterization of the Watershed 

The Coeur d’Alene Lake and River sub-basin (17010303) includes Coeur d’Alene Lake and the 
Coeur d’Alene River’ and the tributaries to these two water bodies (figure 1). The C o w  d‘Alene 
River flows from the confluence of the North and South Forks of the Coeur d‘ALene Rivers near 
Enaviile, Idaho westward to its discharge the Lake Coeur d’Alene near Harrison, Idaho (Figure 
1). The City of Coeur d’Alene is Iocated at the northem end of the lake. The Spokane River flows 
from the lakc outlet into the State of Washington. 

2.1.1. Physical and Biological Characteristics 

The physical and biological characteristics of the subbasin are described in the following sections 
on climate, hydrology, landform, geology and soils, vegetation, aquatic fauna and cdtural impacts. 

The Coeur d‘ Alene River above the South Fork Coeur d’ Alene River was renamed the Worth Fork Coeur I 

d’AIene River in 1991. (U.S. Board of Geographic Names, 1991.) 



i ? 
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2.1.1.1 Climate 

The Coeur d'Alene Lake subbasin is Iocated in the Northern Rocky Mountain physiographic region 
to the west of the Bitterroot MountainS. Local climates are influenced by both pacific maritime air 
masses from the west as well as continental air masses from Canada to the north. The annual 
weather cycle generally consists of coo1 to weurn summa with cold and wet winters. The relative 
warmth of summers or winters depends on the dominance of Pacific or continental air masses. 
Precipitation is most generous in the winter months. Precipitation takes the form of rain generally 
below 3,000 feet of elevation, while it is h the form of snow above 4,500 feet. The transitional zone 
between 3,000 and 4,500 fset h o b  a transient snow pack which is subject to rapid melt when wet 
Pacific air masses predominate. The result of these snow melt events are high discharge rain on 
snow events. 

2.1.1.2. Hydrology 

The discharge hydrograph of the Spokane River near Post Falls Idaho and immediately 
downstream of the lake outlet is provided in Figure 2. The discharge of the streams of the sub- 
bash is dominated by the spring snow me&. The streams draining the Coeur d'Alene and St. Joe 
Mountains have watersheds predominantly in the elevation range (3,000 - 4,500 feet) subject to 
winter "rain on snow" discharge events. The relative low elevation of the watersheds causes 
earlier maximum discharge (mid-March), than from the majority of the watersheds of the North 
and South Forks of the Coeur d'Alem River. The immediate watersheds of the river and the lake 
are 34.8% of the total watershed. For this reason the river and the lakes' stage are little affected 
by the discharge of these streams. 

Figure 2 Mtan Monthly Discharge of the Post Falls Station 1995-1999. 
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2.1.13 Land forms, Geology and Soils 

The Coeur d’Alene River flows through a generally broad floodplain ranging h m  a quarter to one 
and three-quarters miles in width. The river and its floodplain are bound on the north by the Coeur 
d’Alene Mountains and on the south by the, St. Joe Mountains. Coeur d’ Alene Lake is a submerged 
river valley impounded initially by the outwash of the Pleistocene Missoulian floods. The lake has 
been augmentd by the Post Fall Dam. Tributaries to the river and the eastern shore of the lake flow 
from the Coeur d’Alene and St. Joe Mountains. Tributaries to the lake from the west flow either 
from the Palouse Hills or from the most southerly mountains of the Selkirk Range. 

Eleven W s  and numerous wetlands are located laterally to the river below Rose Lake. The lakes 
vary in size, whiIe the wetlands surroUnaing them are extensive. The lakes and wetlands are 
expressions of the high water table of the lower river valley. The lakes are hydrologically 
connected to the river by surface channels in all but three cases where the connection is through 
the valley aquifer. Large wetlands are found in the valky above Rose Lake, notably in the area 
of Cataldo Plats. 

b: 

$ 
The Cmur d’Alene and St. Joe Mountains are composed primarily of Belt Supergroup meta- x. 

sedimentary rocks. This geology wathers to predominantly silt size particles with rounded 

Range, from which s- flowing from the northwest drain to the lake, is a granitic formation. 
These granite substrates weather to sand. The predominant bedload of these streams is sand. The 
surface soils of the Palouse Hills are largely composed of wind blown silt. The soil is underlain 
by Columbia River basalt. The basalt is found at the surface mar the lake shore. The division 
between granitic sands of the SeIkirk Range ami the silts of the Palouse Hills occurs at the northem 
end of the Lake Creek watershed. 

cobbles as the primary transitional material found in the higher gradient streams. The Selkirk i; 

.:. 
I 

r-  

Tributaries to the river and lake flowing from the mountains are high gradient streams channels 
(Rosgen B), until they reach the valley bottoms. As these streams enter the valley of the river or 
the Me, an abrupt transition to low gradient (Rosgen C )  channels occurs in their f d  half mile 
in the case of the river and final few miles in the case of tributaries to the lake. Streams flowing 
from the Palouse Hills have lower gradients near their headwaters, but have steep channels over 
basalt deposits as these streams approach the lake. 

2.1.1.4. Vegetation 

The predominant vegetation of the Coeur d’Alene, St. Joe and selkirk Mountains which comprise 

fir, tamarack arad red ceder. Cottonwood, aspen and alder are the predominant deciduous species. 
The Palouse Highlands have grasslands as well as wooded areas. These areas were likely 
maintained by fire as grasslands prior to European settlement. Grasslands and wooded areas 
would have expanded and contracted dependent on the fm cycle which was controlled by the 
indigenous people. Valley bottoms with little slope are currently grasslaads. Vegetation along 

80% of the mb-bash is mixed C O ~ ~ W O U S  forest. Dominant Conifers P ~ S ,  true fir, Douglas 
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the, Coeur d’Alene River has been diminished by bank erosion and the influence of fluvially 
ted sediments. The metals bind phosphate making it less available for deposited metals cmtamma 

plant nutrition. The result is a dimmshed vegetative cover in some areas. For additional 
information on the vegetation of the Coeur d’Alene Basin refer to the Coeur d’Alene take 
Management Plan (IDEQ, 1996a). 

’ 

. .  

2.1.1.5. Aquatic Fauna 

The native trouts of the sub-basin’s streams are cutthroat trout a d  bull trout. Sculpin, shiners arad 
bullhead catfish are aIso indigenous. The tailed frog, giant salamander and turtles completed the 
Iist of indigenous vertebrate specks. The fish fauna of the lake and the river have been greatly 
altered by the introduction of several &outs, salmon and warm water species. A detailed 
discussion of the current fishery of Coeur d’Alene Lake and River is available in the Coeur 
d’Alene Lake Management Plan (IDEQ, l996a). Although the lake and river have highly altered 
aquatic fauna due to introductions, headwater streams retain native species with the addition of 
rainbow and brook trout axad the loss of bull trout. Although fish composition appears stable in 
the headwaters, fish abundance is generally believed to be reduced from historic levels reported 
as the area was settled. Fish abundance in Coeur d’Alene Lake and River as well as the lateral 
lakes is high (IDEQ, 1996a). 

2.1.2 cultural Impacts: 

The watersheds of the C o w  d’Alene and St. Joe Mountains which drain to the river and the lake 
are managed primarily for timber productionand dispersed recreation. Timber management hasbeen 
moderately intense with large clear-cut areas and dense road development. Some watersheds as Wolf 
Lodge and Cedar Creeks have had intense forest management and road development. Land 
management in this area is primarily by the U.S. Forest ServiCe. Water&& of tbe southern Selkirk 
mountains are also managed primarily for timber production. These tracts are in private and industry 
ownership. Some forested w a t e r d d s  on either side of the lake were loggsd using railroad systems. 
Near the population centers of Coeur d‘Alene, Harrison and the intervening east lake shore, timber 
management has been less intense to protect scenic values. 

From the Lake Creek wtershed south in the Palouse Hills region and on Harrison Flats east of the 
lake, agriculture is the major land use. The Palouse area and Harrison Flats supprted wheat 
production over most of the history of cultivation. In recent years blue grass seed production has 
replaced some wheat production. Substantial farm land acreage has been placed in the Conservation 
Reserve Program. 

The main population center in the subbasin is the City of Coeur d‘Alene at the north end of the lake. 
In some nearby watersheds residential development is prevalent. Fernan and Cougar Creeks are 
examples of watersheds which have residential development. Residences exist in Strips along the 
east and west shore of the lake more or less continuously. Many of these residences are summer 
cabins but m a y  have become year around residences in recent years. Additional papulation centers 
include Harrison, Worley, Plummer, Rose Lake and Cataldo. These towns have populations less 
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Cd'A River 17010303 4023 ThompmnLaketoWAJAe Habialtastion, pHand 
sediment 

17010303 3535 Headwaters to W'A Bncteriq habitst altemlon, i sediment d temperature 

than 300. For additional information on the land use and demographics of the Caeur d'Alene 
Basin refer to the Coeur d'Alene ]Lake Management Plan (IDEQ, 1996a). 

17010303 4021 

170I0303 4018 

2.2. Regulatory Reguirementa 

~- . . - 

SF Cd'A R to French Gulch Habitai altemtion, pH and 

Fmch Gulch to Skeel Gulch Habitat alteration, pH and 

sediment 

sediment 

The regulatory requirements for the water bodies of the sub-basin are summarized by listing the 
segments of concern, the assigned beneiicial uses and the water quality standards supportive of those 
uses. 

1701O3O3 4022 

17010303 4019 

2.2.1. Segments of Concern 

Skeel Gulch to Latour Creek Habitat alteration, pH and 
sediment 

Latwr Creek to Fourth of July Habitat alteration, pH and 
creek sediment 

The stream segments listed in the 1998 Section 303(d) Clean Water Act List for non-metallic 
pollutants in sub-basin 17010303 are provided in Table 1. 

Cd'A River 

Table 1 : List of 1998 Saction 303(d) Clean Watm At3 listed watcr bodies. 

Water body Nnmc HUC Number BouaQrim Pa41 nt.nt(s) 

cretk sediment 

17010303 4016 F d e r  cieek to Robinson Creek Habitat alteration. pH and 
sediment 

Cd'A River 

Cd'A River 17010303 4017 

Cd'A River 

Fourth of July Creek to Fortjer H a b i t  alterdon, pH and 

CCA River 

Cd'A River 

W'A River 

GSA River 

17010303 4020 Robinson C I A  to Cave Leke Habiht niteration, pH and 
sediment 

17010303 4015 Cave Lakt to Black Lake Hnbieat dtemtion, pH and 

17010303 3529 B l d c  h k e  to Thompson Lake Habitat alteration, pH, 

sediment 

temperatllreandsedilrrent 

Cd'A River 

Baldy Creek I 17010303 7535 

M C m k  I 17010303 7536 

Fourth of JuIy Cr#k 17010303 3534 

Bncteria, habitat altemtion, 
d imtn t  and temperature 

B W a ,  habitat alteration, 

Headwatmtoht~urCreek 

Hcadwams to Latour M k  n sdiment and te- 

Headwaters to CCA River I Habitat dtmtion and sediment 

d 
i 

4 
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I Wmhr body Name I HUCNumber 

Willow Creek 

Black Lake 

Boundarles I PoUutantm I 
17010303 3531 

17010303 7529 

Headwaters to Cd'A River SCdidimtnt 

Nulrients 

1 Wolf Ldge cratk I 170103033541 

Tttornpwn Creek 

1 MarieCreek 

170103033530 

170103037541 I 

H d w a t m  to Cd'A Rim 

HeadwatentoCd'ALake 

Habltet allaation and sediment 

Backria, habitat alteration, 
nutrients and sediment 

Kidd Creek 17010303 3546 

NoHh Fork Mica Creek-Mica 17010303 3547 

Searchlight Creek to Wolf Lodge 
Creek 

He&vatcn to Wolf Ldge 
Cratk 

Fernan Lake to Cd'A Lake 

NF Cougar C m k  to Cd'A Lake 

I creek 

Habitat alteration 

Habitat alteration, oil and gas 
and diment 

Nutrients 

Bacteria, dissolved oxygen, 
habitat alteration, nutrients and 
sediment 

Habitat alteratiok nutrients and 
sediment 

CodsrCrak 

F C ~ M  Leke 

Fernan Creek 

CougarCr#k 

17010303 3541 

170 1 03 03 

17010303 3543 

17010303 3545 

Lake Creek 17010303 3549 

Headwarn to CI'A Lake 

Hcadwatws to CI'A lakc 

House(Kruse?) Creek to CI'A 
h k e  

Habitat alteration, nutrients and 
sediment 

Bacteria, dissolved oxygen, 
habitnt dberation, nutrients and 
W i n t  

Sediment 

Additional water bodies had been listed on the 1996 list. These are listed in Table 2. These water 
bodies were removed h m  the list when analysis of more recent water quality data indicated these 
streams are not presently water quality limited @EQ 1996~). 

Table 2 List of additional wakr bodies included on the 1996 Section 303(d) fist, but deliitod as a mult of sufficiently hi% water quality scores. 
.- 

Wmtw body 

Carlin cretk 

Tumer Creek 

Feman Creek 

mkford creek 

HUC Num b u  

17010303 3538 

17010303 3539 

17010303 3544 

17010303 3588 

Bound a ri es 

Headwaters to CI'A Lake 

Heamveten to CCA Lakt 

HeadWten to Fmm Lake 

IkIeadwaters to Cd'A Lake 

Pdlutnnt(s) 

sediment 

Sediment 

Habitat altemtion, nutrients, 
s c d i i  md pathogens 

Habitat alteration, nutrients and 
S a d i m e n t  

~~ 

2.2.2. BenefidaL Uses 

Of the listed water bodies, the Coeur d'Alene River, Wolf Lodge Creek and Fernan Lake and its 
outlet creek have beneficial uses specifically designated in the Idaho Water Quality Standards 
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(IDAPA 16.01.02.) Beneficizll uses of the other listed wter bodies would be, by interpretation of 
the standards, cold water biota and secondary contact recreation (IDAPA 16.0 1.02 10 1 .O 1 .a). 

The Coeur d'Alene River has designated uses in the Idaho water quality standards (IDAPA 
16.01.021 10,Ol .ee.) of agricultural water supply, cold water biota, primary and secondary contact 
recreation and salmonid spawning. A use attainability and beneficial use status assesment was 
completd for the waters of the Coeur d'Alene Bash during 1992 (Hartq 1993). All the designated 
uses were assessed as attainabie. The river was assessed to be supporting agricultural water supply, 
primary and secondary contact recreation uses. Both cold water biota and salmonid spawning were 
assessed to be partially supported due primarily to exceedences of the zinc standard for the support 
of kshwater biota in the water column and concern that contamhated sediments may be affecting . 

the freshwater biota through food chain interactions. Although Ellis (1940) reported the Coeur 
d'Alene River to be nearly devoid of all life to its mouth, more recent studies (Bauer, 1975; Hornig, 
Terpening and Bogue, 1988) indicate that s e l f - s u u  populations of fish and macroinvertebrate 
species have returned to the river and the lakes of its floodplain. Macro-invertebrate numbers 
appear lower near the mouth and in the lower reaches of the river as compared to the control areas 
in the St. Joe River (Skiile et. d,, 1983). Phytoplankton productivity may also be affected by metals 
in the water column (Rabe, Wissmar and Minter, 1973). Adfluvial cold water fish (west slope 
cutthroat and bull trout (indigenous) and chinook and Kokanee Salmon (introduced)) use the Coeur 
d'Alene River as a migratory route (J3orner, personal comm.). A more thorough discussion of the 
Coeur d'Alene Rivm and the lakes of its floodplain is provided in the Coeur d'Alene River Problem 
Assessment (IDEQ, 1997). 

Wolf Lodge Creek (PB-360s) has designated uses of domestic water supply, agricultural water 
supply, cold water biota, salmonid spawning and p r i m q  and secondary contact recreation (IDAPA 
16.01.021 10,Ol.hh.). Fernan Lake and its outlet creek (PB-350s) have designated use of domestic 
water supply, agricultural water supply, cold water biota, salmonid spawning and primary and 
secondary contact recreation (IDAPA 16.01.021 10,Ol.oo.). 

2.2.3. Water Quality Standrrdrs 

Water quality standards supportive of the designated beneficial uses are stated in the Idaho Water 
Quality Standards and Wastewater Treatment Requirements ( I D M  1996b). The criteria supporting 
the beneficial uses are outlined in Table 3. In addition to thae criteria cold water biota and salmonid 
spawning are supported by two narrative criteria. The narrative sediment criterion states: 

Sediment shall nut exceed quantities speci$ed in section 250 or, in the absence of speci_fic sediment 
criteria, quantities which impair designated beneBcia1 we#. Determinutions of impaiment shall be 
bused on water quality monitoring and sumihnce and the information utilized us described in 
Subsection 350.02. b. (IDAPA 16.01.02.200.08). 

The excess nutrients criterion states: 

&$ace wafers of the siaie shall bgfieefiorn excess nutrients that can cause visible slime growths 
or other aquatic growths impairing designated beneficial uses. (IDAPA 16.01.02.200.06). 
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Tnble 3: Wakr quality criteria supportive of bcncficid us=. 

500 FkfI  MmL 

200 FUl OOmL 
geometric mem over 
30days 

Dsignnttd U&t 

Coliforms and dissolved 

BOO FCllODmL 

400 FClf OOmL 
geomttric mean wer 30 
day5 

chlorine 

toxics substances 

dissolwd oxygen 

I 
ammonia 

turbidity 

I 

Secondsry Contact I Rccrution 
Primiry Contact 
Reutatlon 

Cold Water Biota 

pH between 6.5 and 9.5 

dissolved gw not 
exceeding 11W 

total chlorine midual 
less h n  19 ugRJhr oran 
average 11 ugR14 day 
paid 

less t h ~  toxle substancw 
set forth in 40 CFR 
13 1.36@)( 1) Columns 
B1. B2, D2 

e x d i n g  6 mg/L D.O. 

less than 22-c (72°F) 
instmtanaous; 19°C 
(MT) daily average 

low ammonia 
(formulhbler for exact 
mmntration 

less than 50 NTU greater 
than background 
instarhimus; 25 NTU 
over 10 dnys greater h 
-md 

Salmonid Spswnlng 

pH between 6.5 nnd 9.5 

dissolved gas not 
exceeding 110% 

W chlorine residual 
less thun 19 tgL%r or an 
average 11 -4 day 
P d  

less than toxic substances 
set fwth in 40 CFR 
13 1.36@)(1) Columns 
B1. B2, D2 

e x d i g  5 mgR. 
hkrgravel D. 0.; 
exceeding 6 m&L surfm 

legs than 13% (55°F) 
instantaneous; PC (4W 
daily lIyeragG 

low ammonia 
(formuldtables for exact 
concentration 

2.3. Water Quality Concerns and Scrmtus 

The water quality concerns and status are addressed in the following sections by identifying potential 
pollutant sources and reviewing the existing data for the listed water bodies. 

2.3.1. Pollutant Sourca 

The water bodies of the sub-basin placed on the 1996 list have reported pollutant e x d e n c e s  for 
one or more of the foIlowing pollutants: bacteria, habitat alteration, nutrients, sediment, dissolved 
oxygen, oil and grease, pH and temperature. In most cases bacterial contamination would be 
predominantly from livestock grazing. Habitat alteration can occur h m  several actions. An 
incomplete list of these actions would include nearby road construction, removal of riparian 
vegetation, channelization or excess sedimentation. Excess nutrients normally are the result of 
human residential development or livestock grazing activities in the waters under assessment. 
Nutrients may also naturally build up in a lake over time cawing a naturally eutrophic lake. Shallow 
lakes which have limited water flow through the lake on an annual basis are more likely to be 
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2E 

13 
c 

0 

Lateral Lake Total Total Total P 
InorganicN OrganicN (mg/L) 
(m€m mu 

Anderson 0.058 0.35 0.039 

Black 0.020 0.85 0.046 

Blue 0.021 0.20 0.010 

Figure 5: Baidy Creek Temprahre Data Summer 1997 

Cave 

Killarney 

Medicine 

Rose 

SWan 

Thornwon 

I I I I I I I I I I I I 

~ 

0.033 0.25 0.058 

0.044 1 .oo 0.012 

0.016 0.35 0.085 

0252 0.80 0.058 

0.078 0.55 0.013 

0.010 0.20 0-0 12 

233.3. Black Lake: 

I-BullRun I 0.021 I 0.35 L 

c 

Note: Data not collected for Porter Lake 
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The generally accepted total phosphorous criterion for nuisance weed growth in lakes is 25 ug/L 
(USEPA, 1972). Black Lake total phosphorous values collected in 1992 (Table 6) and in 1997 
(Table 7) indicate the lake is well above the criterion (approximately 50 I@). Table 6 indicates that 
eight of the ten lateral lakes measured are above the criterion and that Black Lake, is intermediate 
in its phosphorous level. The nutrient level of Black Lake and other lakes of the Coeur d'Alene 
River floodplain are typical of self-fertilizing eutrophic lakes (IDEQ, in draft). These lakes have 
likely k e n  eutrophic for thousands of years (Rember, 1999). Organic and inorganic nitrogen levels 
support this interpretation. Eutrophy is simply a gauge of the nutrient status and age of the lake. The 
beneficid uses of Black Lake, which supports warm water biota, Primary and secondary contact 
recreation, are not impaired by its eutrophic nalure. The trophic status of Black Lake in relation to 
its expected condition as a small shallow floodplain lake does not support water quality limited 
listing for nutrients. 

Location 

Mid-lake 

Table 7: Black Lake Water Quality Nurrient Data 1997 

Total Inorganic N (ma) Total Phosphorous 
(msn) 

0.039 0.055 

2.3.2.4. Wolf Lodge Creek 

Absence of the reported bacteria contamination was found during the low discharge period of 
summer 1999. Bacterial samples from Wolf Lodge and Stella Creeks were analyzed h m  fecal 
coliform and &coli. The streams were found to have 22 and 1 1 fecal coliform per 100 mL and 33 
and 10 Ecoli per 100 mL (BURP, 1999). These values are sufficiently well below the fecal coliform 
primary contact standards of 500 f& coliform per 100 mL and the proposed recreational standard 
of 406 E. coli per 100 mL, that no additional testing was deemed necessary. 

Nutrients supportive of aquatic plant growth were assessed on water samples from Wolf Lodge 
Creek. Total phosphorous concentration was 14 uglL as phosphorous. The guideline used by DEQ 
for intqrehtion of the excess nutrients narrative standard is 100 ug/L total phosphmus in flowing 
streams (USEPA, 1972). Total Kjeldahl nitrogen was 100 ugL, while nitrate-nitrite analysis was 
142 Ugn, as nikogen. The nitrogen data indicates that nearly all the nitrogen is in the form of nitrak- 
nitrite. The guideline for excess nitrate is 300 ug/L as nitrogen (Sawyer, 1947; Miiller, 1953). The 
concentrations measured in Wolf Lodge Creek are less than halfthe guideline indicating the stream 
is not water quality limited by nitrogen. 

2.3.2.5. Fernan Lake and Creek 

A lake water quality assessment was completed on Fernan Lake during the 1991 field season 
(Mosier 1992). Nutrient data indicate the lake was mesotrophic (Table 8) and was not exceeding the 
nuisance weed growth criterion. Additional parameters collected in 1991 support the mesotrophic 
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condition of Fernan Lake. Algal blooms have commonly been observed on the lake suggesting it 
is at or close to a eutrophic classification. The lake is currently in a state that intervention in the 
watershed could reduce phosphorous export to the lake and slow the pace of eutrophication. The 
possibility that the lake would become anoxic in its bottom waters is remote. The lake is relatively 
shallow (7 meters) allowing for wind driven re-oxygdon even at depth. Dissolved oxygen 
measurements completed at the time of the assessment showed bottom water to be low in oxygen 
during the summer (0.8 mg/L), but not anoxic. Water quality measurements collected to date from 
Fernan Lake do not vioIate water quality standards. However, the lake is dose to violations and 
algal blooms occur on a yearly basis. An advisory TMDL should be developed for the lake based 
on further measurements of phosphorous loading. 

Location 

mid-lake 

Table 8: Fernan Lake Water Quality Avmge Nutrient Data 

Total Inorganic N (ugL) Total Phosphorous (uglL) 

50 21 

Fernan Creek is listed for bacterra, dissoIved oxygen, habitat alteration, nutrients and sediment. The 
stream'cmtly has stable banks with stabIe vegetation. Sediment sources to the immediate stream 
are few and not severe. Upstream sources are precluded by Fernan Lake. No apparent source of 
bacteria exists. The habitat may bave been altered in the past but stable habitats have reestablished 
along the stream. The stream is well shaded and shallow suggesting oxygen level would not be a 
problem. The pollutant listing on the 1998 303(d) lists may well date back to 1988 when the golf 
course and highway were under construction. A decade has past since the comtmction period. 
Vegetation has reestablished reducing sedimentation and producing habitats. The creek likely has 
a r a i d d  nutrient problem associated with its primary source of water, Fernan Lake, and possibly 
exacerbated by fertilization of the adjacent golf coufse. 

Water samples from Fernan Creek were collected for fecal coIiform and E coli analysis during the 
low discharge period of summer 1999. Analysis indicated four fecal colifom and ten E coli per 100 
mL (BURP, 1999). These values are suf%ently well below the fecal coliform primary contact 
standards of 500 fecal coliform per ZOO mL and the proposed recreational standard of 406 E. Coli 
per 100 mL that no additiod testing was deemed necessary. 

The stream likely does receive water enriched in nutrient h m  the lake. The golf course which 
flanks the west edge of the quarter-mile segment may also be a source of nutrients dependent on the 
turf management. The lower eighthmile of stream h n t s  the golf course on one side. It is unlikely 
that a short segment would receive an important nutrient load or it would have an affect before 
discharge to the lake. 

Nutrients supportive of aquatic plant growth were assessed on water samples from lower Feman 
Creek. Samples were collected above the golf course. Total phosphorous concentration was 28 uglL 
as phosphorous. The guideline used by DEQ for inteqmtahon of the excess nutrients narrative 
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standard is 100 ugL total phosphorous in flowing streams (USEPA, 1972). The total phosphorous 
concentration measured for the meek is well below the guideline. Total Kjeldahl nitrogen was 230 
ug/L, as nitrogen, while nitrate-nitrite analysis was 290 ug/L as nitrogen. The nitrogen data indicate 
that most of the nitrogen is in the form of nitrabnitrite. The guideline for excess nitrate is 300 uglL 
as nitrogen (Sawyer, 1947; Miiller, 1953). The Concentration measured in lower Fernan Creek is 
quite close to the guideline, but below it. The high nutrient level most probably has its origin in 
FemmLake. 

Date 

7123199 

23.2.6. Cougar and Kidd Creeks 

~ ~ 

Mica creelr FC Mica Creek EC NF Mica Creek FC 

5100 2900 400 

Nutrients supportive of aquatic plant growth were assessed on water samples from Cougar and 
nearby Kidd Creeks. Cougar Creek’s totaI phosphorous concentration was 62 ug/L as phosphorous. 
Total Kjeldahl nitrogen was 190 ug/L as &rogcm, while nitrate-nitrite analysis was I56 ug/L as 
nitrogen. Kidd Creek‘s total phosphorous concentration was 43 ug/L as phosphorous. Total 
Kjeldahl nitrogen was 130 u&, while the nitratmitrite nitrogen measure was in error. The 
guideline used by DEQ for inkpetation of the excess ndents  m t i v e  standamf is 100 ugL total 
phosphorous in flowing streams (USEPA, 1972). Although Cougar and Kidd Creek’s phosphorous 
concentrations are higher than expected, they are well below the guideline concentration. The 
guideline for excess nitrate is 300 ug/L as nitrogen (Sawyer, 1947; Milller, 1953). The concentration 
measured in Cougar C d  is roughly half the guideline. The Kidd Creek nitrogen data indicates the 
stream does not exceed the guideline, but additional testing of nitratenitrite is necessary. 
Unfortunately Kidd Creek does not flow late in the summer season. 

TI23199 

7127m 

7 f l W  

aJm 

233.7. Mica Creek 

1300 

570 150 600 

730 630 500 

800 220 720 

Water samples h m  Mica Creek and the North Fork Mica Creek were collected for fecal coliform 
and E. coli analysis during the low discharge period of summer t999. Summer discharge 
measurements (2.5 cfs) indicate that secondary contact is the appropriate beneficial use for the 
stream. Both the acute (800 fecal coliform/ 100 mL) and chronic (geometric mean of 200 fecal 
colifodl00 mt) standards protective of secondary contact recreation were exceeded (Table 9). 
Analysis for E. coli was also made in anticipation of the proposal bacteria standard. Both the acute 
and chronic levels of this proposed standard were Violated. The results indicate that Mica Creek and 
its North Fork are water quality limited by coliform bacteria. A TMDL addressing both the c m t  
fecal coliform and proposed E coIi standards will be developed. 

WI99 

Geometric Mean 

Table 9: Fecal and E. coliform bacteria from W o  locations on Mica Creek 

~ 

570 300 600 

993 535 553 

NF Mica Creek EC 
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Nutrients supportive of aquatic plant growth were assessed on water samples from Mica Creek 
and the North Fork Mica Creek. Total phosphorous concentration was 33 ug/L and 22 ug/L as 
phosphorous for Mica Creek and its North Fork, respectively. The guideline used by DEQ for 
interpretation of the excess nutrients narrative standard is 100 ug/L total phosphorous in flowing 
streams (USEPA, 1972). Total Kjeldahl nitrogen was 140 ug/L as nitrogen, while nitrate-nitrite 
analysis was 1 I2 ug/L as nitrogen for Mica Creek. Total Kjeldahl nitrogen was 1 10 ug/L as 
nitrogen and 133 ugL as nitrogen for the North Fork. The nitrogen data from both streams 
indicate that most of the nitrogen is in the form of nitrate-nitrite. The guideline for excess nitrate 
is 300 uglL as nitrogen (Sawyer, 1947; Miiller, 1953). The coacentrations measured in Mica 
Creek and its North Fork are less than half the guideline, indicating the streams are not water 
quality limited by nitrogen. 

233.8. Lake Creek 

Considerable water quality monitoring has been completed on Lake Creek, most recently for 
1996 through 1998 (Bauer, Golden and Pettit, 1998). The stream transports large amounts of 
fine sediment primarily h m  agricultural fields and stream banks during high discharge events. 
The most recent work has found statistically significant and strong correlations between 
turbidity, suspended sediment and total phosphate and the signal output of an optical particle 
sensor. During storm events turbidity caused by suspended sediment transport can rise well 
above the criterion of 50 NTU above measurements at the upstream background station.. Peak 
turbidities of 600 to 1,000 NTU were observed during these events. When the background 
station is comapred these values are well above the salmonid sight feeding criterion (Table 3), 
indicating the stream is water quality limited for sediment. 

2.3.2.9. Sediment Data 

Available sediment data for the streams and mode1 results are summamd * in the following 
SeCtiOfls. 

2.3.2.9.1. Rime Armor Stability 

A quantitative index of stream bed instability is the riffle armor stability idex 
@4SI)(Kappesser, 1993). The measurement is not of value for the Coeur d'Alene River 
below the reach terminating at Skeel Gulch (4018). The measureknt is of value above this 
point and in the+ tributaries to the river and the lake. Unfortunately, data of th is  type has not . 
been collected for any of &'water quality limited segments of the s u ~ ~ s i n .  

2.3.2.9.2 Residual Pool Volume 

One consequence of stream sedimentation is a loss of pool volume through pool filling. The 
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amount of pool volume in streams can be estimated using residual pool volume measurements. 
Residual pool volume is the volume a stream pool would occupy if the stream reached a zero 
discharge condition. Under this condition water would not flow over stream riffles, stream 
runs would hold little water and the pools would make up the majority of the wetted volume of 
the stream. Residual pool volume is calculated using a box model fim measurements of 
average pool depth, average pool width, pool length and average 'pool tailout depth. Average 
pool tailout depth is subtracted from average pool depth to develop the third side of the box 
model. Residual pool volume is normally developed for a reach of stream twenty times bank 
MI width in length. The values are normahd on the basis of pool volume per mile of stream. 
Residual pool volume increases with stream width. For this reason, residual pool volume 
values must be stratif~ed by stream width to assess the relative amount of pool volume,. 
Residual pool volume data for the water quality limited segments has been stratified by 
bankfull stream width (Table 10). The measurement has little meaning in the C o w  d'Alene 
River, which as a low gradient Rosgen C chamel, is a single pool below the Cataldo boat 
ramp. It does help gage the h e 1  of sedimentation of smaller high gradient streams, especially 
in the Belt terrane. Residual pool volumes are adequate in Latour and Wolf Lodge Creeks. 
Volumes in Marie, Lk and Fourth of July Creek appear diminished with respect to the 
amount measured in the much smaller Willow Creek. The lack of pools in Cougar, Kid and 
Mica Creeks may be the result of assessment of low gradient reaches of these streams or that 
these streams are located on granitic terrane with far more sand as sediment. This assessment 
has not been made on all water quality limited streams of the subbasin. 

Wolf Lodge Creek 

Marie C& 

Lake Crock 

pourth of July Creek 

N o h  Fork M h  C ~ e k - M h  
CIB& 

Cwgar Creek 

Willow creek 

Kid Creek 

Table 10: Mean residual p o l  volume and stream width for the water quality l i t e d  segments of the C m  
d'Alene Lalce an8 River Sub-basin. Streams are stratified by bankfull width. 

17010303 3541 14.0 wJ% 
1MlW03 7541 13.7 13,181 

17010303 3549 10.1 17,304 

17010303 3534 10.0 18,737 

17010303 3547 8.3 0 

17010303 3545 7.8 0 

1701M03 3531 6.9 45.678 

17010303 3544 6.0 0 

- I- 

Cedar C& 

Fernan creek 

Baldy Creek 

Larch Creek 

ThornpeonCreek 

1 HUC Number 

17010303 3541 N.D. N.D. 

1701M03 3543 N.D. N.D. 

17010303 7535 N.D. N.D. 

17010303 7536 N.D. N.D. 

1701MW 3530 N.D. N.D. 

I I 

U o u r  Creek 1701m 3535 I 24.7 1 34,969 

I I 

Note: Dam develnpod frum IDEQ (Ham, 1993) 
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2.3.2.10, Fish Population Data 

Sedimentation can interfere with natural trout recruitment and cause the fiIlhg of pools. The 
effect may be reflected in the trout populations. Trout population density has been assessed in 
some tributaries of the lake and river by DEQ beneficial use reconnaissance teams. The Cceur 
d’Alene Tribe has developed fish population data for Lake Creek (Appendix A). 

Cutthroat and brook trout are the salmonids found in these tributaries. Trout population 
densities (salmonid/d/ hour effort) of the listed segments are summarized in Table 11. 
Reference streams, elsewhere in the C m  d’Alene River basin, range from 0.1 - 0.3 
salmonid/m2/hour effort (TDEQ, 1999). Similar population density was found for reference 
streams in granitic geologic settings near Priest Lake (Fitting and Decbrt, 1997) It is 
necessary to default to these reference streams, because no appropriate references have been 
assessed in tbe sub-basin. Where data me available in the subbasin, trout density values in 
most water quality limited segments are an order of magnitude lower thmthese reference 
values. The exceptions are Cedar aad Cougar Creeks, which have values above the range of 
the reference values. Three age classes of salmonids were found only two streams; Latour and 
Cougar Creeks. Sculpin popuhtion density was typically found in a range of 0.1 - 0.5 
fish/m*/hour effort in reference streams (IDEQ, 1999). This range or slightly higher was 
found in subbasin streams where data is available, except for Mica Creek. Sculpin may not be 
favored by the sandy bottom of this stream, where cobble is not available for the cover these 
fish use. Tailed frogs were found exclusively in Cedar Creek. 
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Table 11: Fish population per Unit stream area of the water quality limited segments of the C m  d' Alem Lake 
and River Sub-bash. 

North Fork Mica ' 17010303 3547 NO 0.0480 N O  
Cmtk-Mica C W k  

Lake Creek2 17010303 3549 0.0279 NO N.D. N.D. 
Note: I- data from DEQ benefEial uw TecdsSBtlce pmgtam; 2 - ctam from Coeur d'lllcne Tribe; N.D. - IW) data 

23.2..11. Sedimentation Estimates: 

23.2.11.1. and Use Type Areas, Road Density and Impacts 

Several tributaries to the lake and river are listed as water quality limited for sediment impacts. 
The river is affected by sediment in its upper segments above Skeel Gulch. Below Skeel Gulch, 
the river is gradient Iimited from carrying sediment particles larger than a fine grain of sand and 
is insulated from tributary sedimentation by its broad floodplain. As discussed eariier, 
sedimentation of the upper segments is the result of sediment loads primarily h m  the North and 
South Forks of the River. These impacts must be addressed in those watersheds. 

Land use areas and roads information is required to model sedimentation. It was devdoped from 
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Geographical Information Systems (GIs) coverages. Existing coverages of land use and road 
systems developed by the Forest Service (CDASTDS) and Idaho Department of Lands were used 
where these were available (Wolf Lodge Creek). Where these were not availabre, canopy 
coverage was developed using USGS digital orthophoto quadrangles. Canopy Coverage was 
ground verified by CWE crews cumulative watershed effects. Road coverage was available 
through the Idaho Department of Lands (IDL) from the Forest Service, timber companies and the 
counties. Forest fire coverage was supplied by the Forest Service (IPFIRES) All constructed GIs 
coverages were developed by Idaho Department of Lands personnel. Land use and roads data is 
presented in Table 12. Afier assessment of the watersheds by Idaho Department of Lands 
specialists, cumulative watershed effects (CWE) scores were developed. Additional sediment 
model assumptions and documentation are in Appendix B. 

P 

2.3.2.11.2. Sediment Yield and Export Coefikients 

Sediment yields were developed separately for agricultural, forest lands and forest roads. The 
models used assume 100% export of the yielded sediment to the stream. 

23.2.11.2.1. Agricultursrl Land Sediment Yield and Export. 

Sediment yield was estimated from agricultural lands (pasture and dry agriculture) using the 
Revised Universal Soil Loss Equation (RUSLE) (equation l)(Hogen, 1998). 

Equation 1 : A = (R)(K)(LS)(C)(D) tons per acre per year where: 
A is the average annual soil loss from sheet and rill erosion 
R is climate erosivity 
K is the soil erodibility 
LS is the slope length and steepness 
C is the cover management and 
D is the support practices. 

RUSLE does not take into account bank erosion, gully erosion or scour. RUSLE applies to 
cropland, pasture,, hayland or other land which has some vegetation improvement by tilling or 
seeding. Based on these soils characteristics of the agricultural land, the slope, sediment yield 
was developed for the agricultural l a d  use of each watershed (Table 13). Sediment yield from 
agricuItural lands was estimated by applying the sediment yield coefficients to the land area in 
agricultural use (Table 15). 

23.2.11.23. Forest Land Sediment Yield and Export 

Forest land sediment yield was based on sediment production rates used in the Forest Service 
WATSED Model (Patten, personal comm.). These are 25 tons per square mile per year with a 
range from 22-35 for the Kaniksu granitic terrane and 15 tons per square mile per year with a 
range from 12-17 for the Belt Supergroup terne. The mean values were used for all conifer 
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Table 12: Land use ofselcctm 

MicaCreek 

/" CWESawe 18.9 

Thompson Willow Fourthof BaldyCrotk 
Creek Creek July Cmek 

lanheds draining to C m r  d'Alene Lake and I 

Kid Creek LarchCreek 

0 

548 

0 

0 

0.5 

0.6 

0 

0 

0 

0 

13.3 

11,128 1.589 

2,025 

Latour 
Cretk' 

257 

23,181 

3,855 

0 

186.9 

4.4 

65 

0.5 

4.9 

6.4 

13.3 

- 

358 I 59 I 38 

2JB5 

I I 

923 I 50.0 18.0 

1,587 3,386 16,193 5,372 

s'7 I 3'0 I 3'1 

3,475 

62 

18.9 I 15 I 10 

80 36 165 145 

0 0 336 0 

40.0 

1.7 

47 

422 

21.0 22.5 77.6 482 

5.4 3.7 2.8 5.4 

23 16 76 12 

I 820 I 453 I 1,548 I 0 

0.9 

3.6 

1.6 

2.2 1.5 13 1.1 

1.7 13 5.8 0.9 

1.3 0.9 0.4 0.4 

17.8 I 17.3 I 24.6 I 20.2 I 13.3 
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-1 
Granitic 
Termile 

I 

Areas of 
doublefire 
m-1 

0.038 0.023 

a017 0.004 
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forest, which was fully stocked. The highest values in the range were used for parcels which were 
not fully stocked with trees, based on the Idaho Forest Practices Act standards. The lowest value 
for the Belt and Kaniksu terrane were applied to highway rights of way (Table 14). Sediment 
yield from forest lands was estimated by applying the sediment yield coefficients to the land area 
in forest use (Table 15). It was assumed all yielded sediment was delivered to the stream system. 

23211.23 Forest Roads 

Forest road sediment yield was estimated using a relationship between CWE score and the 
sediment yield per mile of road (Figure 6). The relationship was developed for mads on a 
Kaniksu granitic terrane. in the LaClerc Creek watershed (McGreer, pas comm.). Its application 

Figure 6: Sediment export of roads based on Cumulative Watershed Effects 

I’ 
I 

I I. -I-&-- 
0 10 20 30 40 50 60 70 

CWEmadsowe 

to roads on Belt metamorphic terranes conservatively overestimates sediment yields from these 
systems. The watershed CWE score was used to develop a sediment load in tons per mile, which 
was multiplied by the estimated road mileage in the watershed yield total sediment load to 
streams. This road surhce directly contributing was assumed to be that located 200 feet on either 
side of a stream crossing. (Table 12). In the w e  of roads, it was assumed that all sediment was 
delivered to the stream system. These assumptions conservatively over estimate actual delivery. 
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Roads deliver sediment to streams through two additional mechanisms. Road f i I b  associated 
with stream crossings can fhil. Based on the CWE data base, the actual fill failure and delivery 
was estimated. Fill failures are known to occur primarily during discharge eventa which reoccur 
every 10 - 15 years. The CWE data was divided by 10 years to estimate the watemhed 
sedimentation h m  road fhilures in tons of sediment per year. The estimates were applicable to 
the specific watershed for which the CWE data were collected. The watershed wide impact was 
developed h m  road fill failure and delivery data from the road assessment scded up by a factor 
reflecting the total mads in the watershed. Road ms are composed not only of h e s ,  but come 
material as well. Since the road bed is most o h  built h m  the B and C horizons of the soil on 
hand, the percentage of frnes h m  fill failures as compared to the course fraction (pebbles and 
larger). These estimates are developed from weighted averages of the major soils series of the 
watershed based on the STATSGO coverage of soils. Weighted averages were developed for 
each watershed h m  the weighted averages of the horizons of the major soil series in each map 
unit composing the watershed (Dechert, 1999)(Appendix B). These percentages are applied to 
the sediment yieTds to estimate the fines exported to the streams as compared to the pebble and 
larger fraction. 

Many roads are sited in locations which encroach on the floodplain of the stream. This 
construction practice often alters the gradient of the stream. The gradient is effectively increased, 
because the stream length is shortened. The stream uses the resulting additional stream power to 
erode material and regain stream length to move towards its original steady-state gradient. The 
result is increased erosion and sediment export, either h r n  the road bed or, if this is armored, 
from the bed and banks of the stream itself. Roads feet from streams were a s s w d  to be 
encroaching. The amount of erosion and subsequent sediment delivery is estimated based on the 
miles of encroaching stream. The bulk of the erosion is assumed to occur during the large 
discharge events occwing every 10 - 15 y m .  The materials eroded are primarily the native soils 
of the area with their characteristic distribution of fines and course materials. These percentages 
are estimated fbm the major soils series of the watershed. The gross deliver was divided by ten 
to account for the episodic nature of the mechanism's sediment delivery. Additional details on 
the sediment model used are available in Appendix B. The model spreadsheets for those 
watersheds modeled are in Appendix C. 

2.3.2.11.2.4. County and Private Roads 

County and private road surface erosion was modeled with the RUSLE model (Smdlund, 1999). 
Based on slope length, soil type and surf- material, a coefficient of tons per acre per year was 
." developed. These coefficients were applied to the area of the road 200 feet on either side of , 

stream crossings. Since the width of county and private roads is set by ordinance, an acreage 
associated with this distance could be calculated. 

Road fill failure and encroachment were treated as the forest roads. The CDAROADS GIs 
coverage maps all  roads; county, private and forest. 

2.3.2.1 1.2.4 Sedimentation Estimrrta 

Sedimentation estimates were developed by addition of the various sediment yields. The models 
(RUSLE, WATSED) and methods used assume complete delivery to the stream channeb 
(Table 15). 
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rable 16: Results o f  Water body rnsmment based on appIication of the available dat~ 

Water body Name HUC Nnmbcr Bo~mlades 

CCA River 

Cd'A River 

17010303 4021 SF Cd'A R to French 
Gulch 

French Gulch to Skeel 17010303 4018 

Cd'A River 17010303 4019 Latour Creek to Folath of 
July Creek 

impaired by tempemmrc 
and sediment 

bacteria below standard 
( s d o n  32.2.2.1 

2.3.3 Beneficial Use Support Status 

Water bodies were not assessed for habitat alteration. Current Division of Environmental 
Quality Policy does not recognize habitat alteration as a quantihble and therefore allocatable 
parameter. Temperature standards are currently under review to assess their applicability. Water 
bodies requiring thermal TMDLs are being deferred until this review is complete. The assessed 
support status of the water bodies based on the data available is provided in column 4 of Table 
16. The need for development of a TMDL is noted. Column five explains why TMDLs are not 
needed for some pollutants listed on the 1998 303(d) list. 

i '  

required for pollutsnts 

I creek 
Sediment not impairing 

limited by temperatm pH data provided Table 4 I r m n t  not impairing 

Cd'A River I 17010303 4017 I Pourth of July Creek to 
Fortier Creek 1 limited by ternpaaturn pH data provided Table 4 

Sediment not impairing 
USC 

Cd'A River 17010303 4016 Fortier Creek to 
Robinson Creek 

limited by temperature pH data provided Table 4 
Sediment not impairing 

pH data provided Table 4 + Sediment not impairing 
limited by temperature Cd'A River 17010303 4020 Robinson ctock to Cave 

Lake 

Cd'A River 17010303 4015 Cave Lake to Black Lake 
Sediment not impairing 

Cd'A River 17010303 3529 BIack h k e  to Thompplon 
Lake 

limited by tempmturc pH data provided Table 4 
surface temperatures 
rncdcnces  in Table 5 
not txpected at depth; 
HOBO data indicates 
standard exoeedence ;. 
Sediment not impairing 
use 

CCA River 17010303 4023 Thmpm Leke to CI'A 
Lake 

pH data provided Table 4 
Sediment not impairing 
U t  

17010303 3535 Headwaters to Cd'A 
R i V t r  
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eutrophic. Any water M y ,  which has its w m  in a eutrophic lake, will itself be rich in nutrients. 
Sediment is a water Constituent nalmally yieIded from erosion of the watenheds to water bodies in 
question. Excess sedimentation in these w a t d d s  most often has its origin in roads developed €or 
logging or access to a watershed and bank erosion associated with grazing. Roads may yield 
sediment directly h m  their surfaces or bed through mass wasting or their locations may cause the 
djacent stream to begin bank cuttmg or incising its Id. Dissohed oxygen may be deficient in lakes 
and some streams as the result of the presence of biological oxygen demanding materials. Often 
eutrophic lakes have sacient  algal and weed growth to engender dissolved oxygen problems. 
Streams may have hsac ient  dissolved oxygen as a result of temperature exceedences. Oxygen 
solubility declines with increased water temperatwe. Temperature exceedences in these waters are 
often due either to insufEcient water flow, alteration of the stream structure to a broad shallow 
morphology or lack of riparian vegetation to supply shading (platts, MegaRan and Minshall., 1983). 
Streams which have their source in shallow wann lakes often are warm as well. Oil and grease can 
be yielded to the streams by major roads such as an Interstate. Oil m y  be yielded after rains to 
nearby streams. Oil and tar have been spilled during accidents on these roads and these materials 
can fmd their way into the nearby streams. Excessively low pH nonnally results from acid mine 
drainage or h m  mill taihgs materials associated with mining. Although a few natural acid rock 
drainages can be found in the subbasin, data indicates these do not alter the pH of streams, 
significantly. 

2.3.2. AvailabIe Water Quality Data 

The available data for the water bodies of the 1998 list are provided in the following sections. 

233.1. Coeur d'Alene River 

Water temperature and pH datahave been collected on the Coeur d'Alene River as part of three years 
of metals monitoring. The pH data are from composite water samples collected monthly or 
bimonthly at the Catatdo, Rose Lake and Harrison rnonit0riu.g stations (Table 4). The recorded pH 
values range hetween 6.5 and 7.5 and consistently have mean values above neutrality. These are 
typical pH values for the warn of northern Idaho. The data do not indicate, my exceedence of the 
general aquatic pH standard (6.5-9.5)(IDAPA 16.01.02250.02.a.i.). Water ternperatwe data were 
collected near the shore at the three monitoring stations as a part of the sampling procedure (Table 
5). Water temperatures exceed cold water biota criteria in a very few cases during wann summa. 
Since these data were collected near shore, they are likely a few & p e s  warmer than water 
temperature offshore and at depth in the river. A few midsummer shore tempmtures were in excess 
of the cold water biota standard (22OC)(IDAPA 16.01.02.25O.c.ii.). Data developed by Golder and 
Associates (1998) support the data collected by DEQ, but none of these data were collected at depth 
in the river. In addition, sufficient data were not available to assess the daily average temperature 
cold water biota standard. To address this data gap, water temperature was continuously measured 
at the Harrison and BulI Run Bridges during the summer of 1999. The sensors were placed at four 
levels and three locations in the river at the Harrison Bridge and at two levels in the river at the Bull 
Run Bridge. The results fiom the eight sensors at the Harrison Bridge were remarkably similar. The 
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between early July and late Septemlm. A lower number of exceedences occurred at depth. At the 
Bull Run Bridge the standard was exceeded 10% of the period at depth and 16% nearer the surface. 
The results indicate the river, which is too broad to be shaded, warms as it flows slowly downstream 
to the lake. However, the river exceeds the average temperature standard for cold water biota 
upstream. These results demonstrate the river is exceeding the current tempexatwe standard for cold 
water biota. 

Salmonid spawning occurs only in the reach of the river between the confluence of the North and 
South Forks of the river and Skeel Gulch (segments 4021 and 4018). This reach has riffles and 

Table 4: Mean and deviation of pH data collected for three water years at the Cataldo, Rose Lake and Harrison 
Monitoring Stations on the Coeur d'Alene River. 

I I I I I I I I 

gravels conducive to spawning. This reach has chinook salmon (September 15 to April 1) rainbow 
and cutthroat trout (January 1 to July 15) and whitefish (October 1 and April 1) spaWning(IDAPA 
16.01.02.250.d.iv.). The Cataldo monitoring station is located on this upper reach of the river. 
Temperatures are sufiiciently low for whitefish spawning. (4 3T)(IDAPA 16.01.02250.d.ii.). 
Temperatures recorded in September exceed numeric temperature standards for chinook salmon 
spawning. Temperatures recorded in June and July exceed numeric temperature standards for 
rainbow and cutthroat trout spawning. The thermograph data collected downstream during the 
summer 1999 suggests that salmonid spawning temperature sEandards are violated. On the weight 
of the available evidence it appears that numeric salmonid spawning standards are regularly 
exceeded in the upper reach of the river. 

Despite these temperature measurements, young of the year trout and salmon are easily observed 
along the upper reach of the river. Observation of numerous young of the year is mrmally taken as 
a strong indication that spawning is successful. This observation suggests that trout and salmon have 
acclimated or adapted to temperature conditions by spawning earlier in the case of rainbow and 
cutthroat or delaying until later in the case of chinook salmon to take advantage of cooler s h a m  
conditions. 
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3.2.2.2. Latour, Larch and Baldy Creeks: 

Latour Creek and its tributaries, Larch and Baldy Creeks, had confinwlus temperatwe measurement 
during the summer of 1997. These data (figures 3-5) indicate that temperatures supportive of cold 
water biota are maintained by these streams year-round. The principle spawning salmonids of these 
drainages would be cutthroat an8 brook trout and whitefish. Temperature data are not avaiIable for 
the October 1 to April 1 spawning period of b o k  trout and cutthroat trout. This period is bracketed 
by the wanner summer and early fall period. The data suggest the temperature standard is not 
exceeded during the fall and winter incubation months. The data do indicate the salmonid spawning 
temperature standard (<13"C)(IDAPA 16.01.02250.d.ii.) was exceeded during July 1997 on these 
stresuns. 

Bacteria are also listed as a pollutant of concern on these three streams. These are largely forested 
watersheds with some dispersed residentid development along lower Latour Creek. The Bureau of 
Land Management has land management responsibilities in these watersheds. No current grazing 
permits are operating in these watersheds. The last permits were terminated in 1988 (BLM, 1998). 
The absence of livestock grazing in a significant amount would suggest bacterid contamination is 
no longer an issue in these subwtmheds. No other significant bacterial sources exist. 

The lack of bacteria Contamination was confirmed during the low discharge period of summer 1999. 
Water samples from Larch, Baldy and Latour Creeks were anaIyzed for fecal coliforms and 
Escherichia coli @coli). The Baldy and Latour Creeks were found to have seven or less per 100 
mL in each case. Larch Creek had slightly higher fecal coliform and E coli counts of 28 and 20 per 
100 mL, respectively (BURP, 1999). These values are sufficiently well below the fscal coliform 
primary contact standards of 500 fecal coliform per 100 mL and the proposed recreational standard 
of 406 E. coli per 100 mL that no additional testing was deemed necessary. 
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Figure 3: Latour Creek Temperature Data Summer 1997 
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bacteria below standard 
1 (section 3.2.22. ) 
I ;excessive sedimentation 
1 not found Table 15 , bacteria below standard 

(section 3.2.22. ) ; 
excessive sedimentation 

' not found Table 15 

excessive sedimentation i not found Tnble 15 

HUC Number Bo u I d a rl ea Assessed Support 
S t a ~ l  

Reisons TMDL not 
r c q u i d  for pollutants 

Water body Name 

Bddy Creek 17010303 7535 Headwaters to Latour 
CraGk 

limited by temperature 

Larch craek 17010303 7536 Headwem to Latour 
Creek 

limited by tempemure 

Fourth of July Creek 17010303 3534 not impaired Headwaters to Cd'A 
River 

Willow Creek Headwaters to Cd'A 
River 

not impaired excessive sedimentation 
not found Table 15 

I7010303 3531 

1701 0303 7529 

17010303 3530 

Black Lake not impaired nutrients typid of 

not found Table 1 S 
Thompson Creek Headwaters to Cd'A 

River 

1701 0303 354 1 Headwatws to GI'A 
Lake 

Wolf Lodge creek 

Marie Creek 1701 0303 754 1 Searchlight Creek to 
Wolf Lodge Crtek dloeatable 

~ 

Cedar Cmk 17010303 3541 Headw&rs to Wolf 
LndgG 

limited by sediment oil and grease not found 
instream 

Fernan Lake 1 7010303 not impaimd, but 
adviswy TMDL 
rrcammended; year 2000 

nutrknts lower than weed 
growth guideline 25 ugjL 
Table 8 

stream re-stabilized &r 
highway and golf course 
consttuctlon; bactuia and 
nutrients M o w  standards 
(section 2.33.5.) 

nutrients k low guideline 
(section 2.3.2.6.) 

F ~ M  Creek 17010303 3543 not impaired Feman Lake to Cd'A 
Lake 

17010303 3545 NFCougwCreekto 
CI'A h k c  

impaired by sediment Cougar Creek 

~ 

Kid Creek 17010303 3546 Headwaters to Cd'A 
Lake 

not impaired nutrients below guideline 
(mtion 2.32.6.): 
exEwsivt sedimentation 
not found Table 15 

North Fork Mica Cratk- 
Mica Creek 

17010303 3547 HeamvaterS to Cd'A 
L0kC 

Nutrients below 
auldeIine I s d o n  

impaired by sediment 
and bacteria 

Lakt claek I impaired by sediment 17010303 3549 

1. Sedimentation must be addressed in South and Notth Fork Coeur d'Aleme River "MDh 
2. Except for metals addmged in Coeur d'Alem River Metds TMDL. 
3. Temperature likely limitmng. 
4. Sedimenlation data incomplete. Treat 8s part of a Latour Creek TMDL. 
5. Trent m pari ofa WoIf LodgKedar Creeks TMDL. 
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The TMDLs required for HUC 17010303 kan be grouped in some cases. The two most upstream 
segments of the Coeur d’Alene River are sediment impaired. This impairment is the result of 
sediment delivery from the North and South Forks of the river. Below She1 Gulch sediments 
are fine and the river is at a sufficiently low gradient that the bed consists of h e  sand rather than 
cobble bedded. In this case sedimentation does not impact beneficial use directly as in higher 
gradient channels. The sediment impairment above Skeel Gulch must be addressed in the source 
areas of the North and South Fork Coeur d’Alene Rivers. 

Sediment and temperature impair Latour Creek. Its tributaries Baldy and Larch Creeks were 
found to be temperature impaired. BaIdy and Larch Creeks will be treated in a Latour Creek 
TMDL which addresses excessive sedimentation. Temperature TMDLs have been postponed 
pending resolution of Idaho’s temperature standards. 

Wolf Lodge Creek and its tributary Cedar Creek appear from the sediment analysis to have 
elevated sedimentation. Although Marie Creek was not listed for sediment it will be treated in a 
Wolf Lodge Creek TMDL which also will address Cedar Creek. Individual sediment TMDLs 
will be required for Cougar, Kidd and Mica Creeks. A bacteria TMDL is required for Mica 
Creek. 

A sediment TMDL is required for Lake Creek. The segment listed is located within the 
boundaries of the Coeur d’Alene Reservation making this TMDL the lead responsibility of the 
Environmental Protection Agency (EPA). Lake Creek had an active State Agricdtural Water 
Quality Program (SAWQP). The program plan is with some rearrangement and the addition of 
an in-stream water quality goal, essentially a TMDL. A loading analysis and allocation are 
present in the current plan. Either the EPA or the Natural Resource Conservation Service could 
reshape the existing program plan into a TMDL. Implementation of that plan is currently 
underway. 

2.4. Pollution Control 

Some water pollution controls have been implemented. These are discussed in the following 
sections together with the pollution control strategies. 

2.4.1. Control Efforts to Date 

Pollution control efforts to date have been in place on some of the watershed requiiing additional 
TMDL measures. 

Analysis of sediment in eleven watersheds of the basin indicates rods are the primary sediment 
producing infmtmctms. Forest h e s t  methods have progressed from logging systems heavily 
dependent on had roads to those Iess dependent of high road densities. At certain log prices, 
helicopter logging has become a viable alternative in some watersheds. Unfortunately, an 
inventory of old roads continue to yield sediment to the streams. The U.S. Forest Service has 
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carried out an aggressive program of forest road retirement and obliteration in the past five years. 
These efforts should have some beneficial effect primarily in the Wolf Lodge Creek watershd. 
The Latour, Cougar and Mica Watersheds contain very limited or no lands under Forest Service 
Management. 

The Forest Service Program has sought to obliterate entire roads. Recent analysis indicates roads 
cause sediment loading primarily near road crossings of streams and where roads are located 
within the stream floodplain causing gradient changes. Scarce funds obtained by the Forest 
Service might be better targeted on the sediment yield areas rather than on obliteration of the 
entire mad. 

Kootenai County has operated sediment traps in lower Latour Creek. These traps are fitted with 
rock sills to prevent head cutting. These traps collect excess sediment during high flow. The 
sediment is removed by a local gravel contractor and soId in the aggregate market. Similar gravel 
harvest occurs in Wolf Lodge Creek. 

The Lake Creek SAWQP was discussed earlier. This program has contracts let for application of 
agricultural best management practices on 2,270 acres of the 8,147 critical cropland acres in the 
watershd. In addition 1,135 acres have been placed in the fed& Conservation Reserve 
Program. The SAWQP program is currently 42% implemented. 

2.43. Pollution Control Strategia 

Pollution control strategies are required for sediment and temperature in one watershed, for 
sediment and bacteria in another ind for sediment in an additional two watersheds. 

A temperature TMDL would set thermal guidelines to meet state temperature criteria. The 
TMDL might then assess the amount of unshaded stream within the watershed. Relationships 
between the percent of stream shading and the thermal input to the stream have been developed. 
Based on these relationships and the inventory of stream shading, riparian plantings would be 
dlocated to achieve a percent cover goal associated with a thermal goal. 

Sediment TMDLs have a less precise criteria-based goal. In this w e  a lever of sediment 
reduction based on best professional judgement of hydrologists and sedimentologists would be 
set for each watershed requiring a TMDL. Since roads are horn to be the major sediment 
yielding areas, the TMDL would allocate sediment load reduction based on road iniprovements 
or abandoned road obliteration. Roads located within the floodplain of streams and affecting the 
stream gradient would be targeted for removal. Where, stream gradient had been altered for 
agricultural purposes, strem realignment or annoring should be explored. Stream crossings are 
additional locations at which forest mads are a source of sediment generation, both directly or by 
increased watcr capture. Where no longer n d d  these crossings should be decommissioned to 
remove culverts, lay back the stream bed and make the road surface an out sloped an infiltrating 
surface, by grading and ripping the surface. Sediment reduction can be estimated for all of these 
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measures. The watersheds can be inventoried to select a suite of sediment reducing projects. A 
system of pollution credit trading might be instituted as part of the TMDL to engage the private 
sector in the implementation of sediment reducing projects as best management practices are 
currently installed today as a part of doing business in forested watersheds. Agricultural 
incentives could be applied to promote application of stream channel’s gradient restoration or 
armoring on private agricultural lands. 

A bacterial TMDL would require reduction of bacteria numbers in a stream through different 
livestock management. The TMDL would require specific percent reductions 
of these management actions. 

‘. 
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Appendix A: Fish population base data. 
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HUC Number I Stream 
I 
' Area 
EIectroWshed 
(m7 

I 170103037535 N.D. 

1701Mw 7536 N.D. 

N.D. 

N.D. 

850 

N.D. 

N.D. 

N.D. N.D. 

N.D. N.D. 

5 59 

N.D. N.D. 

N.D. N.D. 

48 

N.D. 
0 

16 

0.6570 0.5734 

N.D. N.D. 
(0.1798) ( 0 . m  

0 . W  0.3871 CougarCreek' 

Kid creek 

North Fork Mica' 

17010303 3545 200 744 19 

1701m 346 N.D. PI.D N.D 

17010303 3547 200 1.500 5 

N.D 

4 

N.D N.D 

0.06oO 0 . W  

Lake creek' 1701MQ3 3549 93.88* NfA 2.61 N.D. 0 . m  N.D. 

Time Number of Number of 
Elechofished Salmonids 

N.D. N.D. N.D. I 3529 - 
C m r  d'lllcnc 
River 

I I I 

4,237 25 169 0.0271 LamrCreek' I 170103033535 783 0.1834 

W y  Creek 

hrch  Creek 

FounhOfJUly' 
Craek I m  1m10303 3534 0 . W  0.6247 

I 

Willow Creek 170103M3531 I N.D. 2-k- 170103M3530 I N.D. 
I 

Wolf Lodge crotk ' 160 
137 

iM10303 3581 

1701wM 7541 N.D. 

0.1124 1.3833 
0.0155 

N.D. N.D. N.D. 
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Appendix B: Sediment Model Assumptions and Documentation 
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Sediment Model bumptious and Documentation 

Background: 

Sediment is the pollutant of concern on the majority of the water quality Iimited streams of the 
Panhandle Region. The fonn the sediment takes is most often governed by the Iithobgy or terrane 
of the region. Two major terranes dominate in northern Idaho. These are the meta-sedimentary 
Belt Supergroup and gmnitics present either in the Kaniksu batholith or in smaller intrusions as 
the Round Top Pluton and the Gem Stocks. In some locations Columbia River Basalt formations 
are important, but these tend to be to the South and West primarily on the Coeur d’Alene 
Reservation. Granitics weather to sandy materids with a lesser amount of pebbles or larger 
particle sizes. Pebbies and larger particle sizes with significant amounts of sand remain in the 
higher gradient stream bedload. The Belt terranes produce both silt size particles and pebbles and 
larger particle sizes. Silt particles are tmnsporkd to low gradient reaches, whiIe the larger sizes 
comprise the majority of the higher w e n t  stream bedload. Basdts erodes to silt size and 
particles similar to the Belt terranes, but the large basaIt particles are less resistant, weathering to 
smaller particles. 

Any attempt to model the sediment output of watersheds will provide, relative rather than exact, 
sediment yidds. The model documented here attempts to acccount for all significant sources of 
sediment separately. This approach is used to identify the primary sources of sediment in a 
watershed This identification of primary sources wi11 be useful as implementation plans designed 
to Emedy these sources are developed. The approach has the added advantage of identifying to 
the state of the technology all of the sources. If additional investigation indicates sources 
quantified as minor are not, the model input can be altered to incorporate this new information. 

Model Assumptions: 

>- 

Land use and sedirslmt d e l h y :  

RUSLE is the correct model for pasture. RUSLE accounts for productiolr and delivwy of 
sediment. Sediment modeled by RUSLE is fine. 

._ 
WATSED covers production and deIivery of sediment f b m  forested areas. Sediment 
modeled by WATSED is fine and course. 

Sparse and heavy forest of all age classes including seedling-sapling should be given mid 
range of the WATSED coefficient for the geologies, while areas not llly stocked by 
Forest Practices Act standards are given the upper end of the range. 

WATSED coefficients can be modified within the range observed to estimate highway 
corridor land use and the effects of repeated wild h s .  
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Double burned ateas have eroded significantly to the stream channel but are not now 
eroding; a residual sediment load in the cRanneIs is possible from prexious catastophic 
burns. 

Road sediment p r u d m t h  and &lhwy: 

Road erosion wing the CWE approach should be limited to the 200 feet of road on either 
side of road crossings, not to total road mileage. 

The use of the McGreer relationship between CWE score and road surface erosion is a 
valid estimate of mad surface fines production and yield. In the case of Belt terne, it is a 
consewative (overestimate) estimate. 

CWE data collected for actual road fill failures and sediment delivery reflects the situation 
throughout the watershed. Since the p a t  majority of road failures occur during episodic 
high discharge events with a 10 - 15-yar return period, road failures reflect the actions of 
the last large event and must be divided by ten for an annualized estimate. 

Fines and course loading can be estimated for stream reach= where roads encroach on the 
stream using estimated an erosion rate on defined model cross-section. Erosion resulting 
from encroachment occurs primarily during episodic high discharge events with a 10 - 15- 
year return period, road encroachment erosion must be divided by ten for an anudized 
estimate. 

Failing road fill and eroding bank is composed of fines and course material. The 
proportions of fmes and course material can be estimated h m  the soil series descriptions 
of the watershed. 

100% delivay from forest lands estimated with WATSED coefficients 

lOoo/o delivery h m  agricultural lands estimated with RUSLE 

100% delivery from all road miles up to 200 feet from a stram crossing as estimated by 
the McGreer relationship. 

Fines and course materials are deIivered at the same rate h m  fill fakes  and from erosion 
resulting from road encroachment.. 
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Model Approach: 

The sediment model attempts to account for dI sources of sediment by partitioning these sources 
into broad categories. 

Land use is a prhuy broad category. It is treated separate from other characteristics as stream 
erosion and roads. Land use types are divided into agricultural, forest, urban and highways. 

Agriculture may be subdivided into working fhns and ranches and d l  ranchettes, which 
currently exist on subdivided agriculture land. Sediment yields from agricultural lands which 
receive any tillage, wen on an infrequent hasis are modered with the Revised Universal Soil Loss 
Equation (RUSLE). Sediment yields were estimated from agricultural lands (rangeid, pasture, 
and dry agricuIture) using the Revised Universal Soil Loss Equation (RUSLE) (equation 
l)(Hogan, 1998). 

Equation 1 : A = (R)(K)(LS)(C)(D) tons per acre per year w h a :  
A is the average annual soil Ioss h m  sheet and rill erosion 
R is climate erosivity 
K is the soil erodibility 
LS is the slope length and steepness 
C is the cover management and 
D is the support practices. 

RUSLE does not take into account bank erosion, gully erosion or scour. R U S E  applies to 
cropland, pasture, hayland or other land which has some vegetation improvement by tilling or 
seeding. Based on the soils, characteristics of the agriculture and the slope, sediment yields were 
developed for the agricultural lands of each watemkd. R U S E  develops values which reflect the 
amount of sediment mded and delivered to the active channel of the stream system annuaIly. 

Forest lands and some land in highway rights of way are modeled using the mean export 
coefficients of the WATSED model for the particular geologic parent material (USFS, 1994). The 
values developed by WATSED are sediment eroded and delivered to the stream courses annually. 
Forest lands which are fully stocked with trees are treated with the median &cient for 
sediment yields ascribed to that terrane. Lands not fully stocked by Idaho Forest Practices Act 
standards are assigned the highest coefficient of the range. Paved d rights of ways are 
assign4 the lowest coefficient of the range. Areas which were burned by two large wild f m s  as 
delineated in WIRES are adjustea by a coefficient which is the difference htween the highest 
value of the coefficient for the geologic type and the median. 

All coefficients am expressed on tons per acre per year basis and are applied to the acreage of 
each land type developed h m  Geographical Information System (GIs) coverages. All land uses 
are displayed with estimated sediment delivery. Land use sediment delivery is totaIed. 
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Roads are treated separately by the modd Forest haul roads are differentiated h m  county and 
private residential mads. County roads often have larger stream passage structures and are 
normaIIy much wider and have grave! or pavement surfacing. Private residentid roads are often 
limited in extent, but can have poor stream crossing structures. Sediment y ieh  from county and 
private. roads are modeled using a newer RUSLE model (Sandlund, 1999). Road relief, slope 
length, surficing, soil material and width were the most criticaI fhctors. The sediment yield was 
applied only to the two hundred fket on either side of stream crossings. Failure of county and 
private road fills was assumed nonexistent, because such roads are often on more gentle terrain. 
As a consequence, road fill failures are rare. 

Forest roads were modeled ushg data developed with the cumulative watemhd effects (CWE) 
protocol. A watershed CWE score was used to estimate s h e  erosion from the mad surface. 
Forest road sediment yield was estimated using a relationship between CWE score and the 
sediment yield per mile of road pigure 1). The relationship was developed for roads on a 
Kaniksu m i t i c  terrane in the LaClerc Creek watershed (McGreer, 1998). lts application to 
Mads on Bert terrane conservatively estimates sediment yields from these systems. The watershed 
CWE score was used to develop a sediment tons per mile, which was multiplied by the estimated 
road miIeage affecting the streams. In the case of roads, it was assumed that all sediment was 
delivered to the stream system. These are conservative estimates of actual delivery. 

Figure 1: Sediment export of roads based MI Cumulative Watershed ERkcts scores. 
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Forest road fhilure w a s  estimated from actual CWE road fill failure and delivery data. These. data 
were interpreted as primarily the result of large discharge events which occur on a 10 - 15-year 
return period (McClelIand et. al, 1997). The estimates were annudhed, by dividing the measured 
values by ten. The data are typically from a subset of the roads in a watershed. The sediment 
delivery value was scaled using a factor reflecting the watershed road mileage divided by the road 
mileage assessed. The sediments delivered through this mechanism contain both fine (material 
including and smaller than pebbles) and muse materid (pebbles and larger sizes). The 
percentages of fine and course particles were estimated using the described characteristics of the 
soils series found in the watershed. The weighted average of the fines and course composition of 
the B and C soil horizons to a depth of 36 inches was developed using the soils GIs coverage 
STATSGU, which contains the soils composition data provided by Soils Survey documents. The 
B and C horizons’ composition was used because these are the strata from which forest roads are 
normally constructed. Based on the developed soil composition percentage and the estimated 
probable yield, the tons of fine and course material delivered to the streams by fill failure was 
calculated. This approach assumes equal delivery of fine and course materials. 

>’ 

Roads cause stream sedimentation by an additional mechanism. The presence of roads in the 
floodplain of a stream most often interfkres with the streams’ natural tendency to seek a steady 
state gradient. During high discharge periods, the constrained stream often erodes at the road bed, 
or if the bed is armored, erodes at the opposite bank or its bed. The erosion resulting from a road 
imposed gradient change results in stream sedimentation. The model assumes the roads causing 
gradient effects to be those within fiffy (50) feet of the stream. The model then assumes one- 
quarter inch erosion per lineal foot of bank and bed up to three feet in height. The erosion is from 
the soils types in the basin with the weighted percentages of h e  and course material. A bulk soil 
density of 2.6 g/cc is used to convert soil volume into weights in tons. The tons of fine and 
course material are totded fbr all road segments within 50 lineal feet of the stream. The bulk of 
this erosion is assumed to occur during large discharge events which occur on a 10 - 15-year 
return period (McClelland et. al, 1997). The estimates were annualized, by dividing the measured 
values by ten. 

The model does not consider sediment routing. The modd does not attempt to estimate the 
erosion to stream beds and banks resulting fiom localized sediment deposition in the stream bed. 
The model does not attempt to measure the effects of additional water capture at road crossings. 
It is assumed, that on the balance, the additional stream power created by additional water capture 
over a shorter period would increase net export of sediment, even though some erosion would be 
caused by this watershed affect. 

Where estimates of bank recession have been made dong Rosgen C channels, these values are 
added into the watershed sediment load. The fine and course material fractions of the bank 
material are used to estimate fine and course material delivery. 

5 



Model Diagram: 

WATERSHED MODEL DIAGRAM 

WATSED 

I 

LAND USES ROADS BANK EROSION 

I .  I 
Course (Vyr) + Course (tlyr) + Course (tlyr) + Course (t/yr) = 

Total Fine (t/yr) 

Total Course (Uyr) 
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Model @ration: 

r' 

i. 

P 

B: 
The model is a simple Excel spreadsheet model composed of four spreadsheets. Key data as 
acreage and percentages are entered into sheets one and two of the model. County and privak 
rod  data are supplied in sheet four. The total estimated sediment h m  the varied sources is 
calculated in spreadsheet h e .  

Assessment of Model's Conservative Estimate: 

Several conservative assumptions are made in the model construction, which cause its 
development of conservatively high estimations of sedimentation of the streams modeled. These 
assumptions are listed in the following paragraphs and a numerical assessment of the magnitude of 
the conservatism is assigned. 

The model uses RUSLE and WATSED to develop land use sediment delivery estimates. The 
output values are treated as delivery to the stream. RUSLE dies assume delivery if the slope 
assessed is immedmtdy up gradient h m  the stream system. This is not the case on the majority 
of the agricultural land assessed. Estimates made in the Lake Creek Sediment Study indicate that 
at most 25% of the erosion modeled was delivered as sediment to the stream Bauer, Golden and 
Pettit, 19%). A similar local estimate has not been macle with WATSED, but it is Iikely this 
estimate would be 25% as well. The land use model component is 75% consewathe. 

The roads crossing component of the model assumes 100% delivery of fine sediment from the 200 
feet on either side of a stream crossing. It is mote like that some fine sediment remains in ditches. 
A reasonable level of delivery is 80%. The model is likely 20% ConSerrative in this component. 
On Belt terrane, use of the McGreer model is conservative. Since the WATSED coefficient for 
Kanilcsu granitic is 167% of the coefficient fbr Belt terrane, this factor is estimated to be 6Wo 
consemtive. 

Road encroachment is defined as 50 feet h m  the stream, primarily because this is near the 
resolution of commonly used mapping techniques. Roads fiRy feet from streams but on side hills 
would not &at the stream gradient. The model is Iikely incorrect on encroachment 20% of the 
._ time and is conservative by this factor. 

FIII failure data is developed h m  the actual CWE field assessments. The CWE assessment does 
not assess aI1 the roads in the watemhed. The Mure rate data is scaled up by the factor of the 
roads assessed divided into the actual watershed road mileage. The mads assessed are typically 
those remote h m  the stream system, which are very dikely to deliver sediment to the stream. 
The percentage of watershed roads assessed varies, but it is commonly 60% or less of the 
watershed mads. The model is 40% comerdve in this component. 

. .  

I .  

Table 1 flLmmarizes the consewatbe assumptions and assesses its numerical level of over- 
estimation. 



Table 1 : Estimatibn of the mmmative &hate of stream sedimentatiw provided by the d e r .  

Model Factor 

1 OoOm RUSLE and WATSED 
delivery 

Crosing deliveiy 

McGreer Model 

I I I 1 
KanaUu Belt 
Gmitie Supergmup 

75% 75% 

2% 20% 

oom 67% 

Road encroachment at 50 feet 

Road Failure 

20% 20% 

40% 40% 

I Total Assessment of Over-&mate I 164?40 I 231% I 

The model provides an over estimate by factors of 1.6 and 2.3 for the Kaniksu and Belt terranes, 
respectively. This over estimation is a built in margin of safety of 16% fbr Cougar and Mica 
Creeks and 23 1% for Wolf Lodge and Latour Creeks. 

References cited: 

Bauer, S.B., J. Golden and S. Pettit 1998. Lake Creek Agricultural Project, Summary of Baseline 
Water Quality Data. Pocketwater Incorporated, 8560 Atwater, Boise ID 83714. 138pp. 

Hogan, M. 1998. Personal communication. Natural. Resource Conservation Service, 'I 620B 
Northwest Blvd, Suite 103, Coeur d'Alene ID 83814 

McClelland, D.E., R 13. Foltz, W. D. Wilson, T. W. Cundy, R. Heinemann, J. A. Saurbier, and 
R. L. Schuster, 1997 Assessment ofthe 2995 and 1996 Floods and Landddes on the 
ClearwaterNational Forest, Part I: Landslide Assessment. A Report to the Regional 
Forester, Northdegion, U. S. Forest Sewice, December 1997. 

McGreer, D. 1998. Personal cornmunication. Western Watershed Analysts, 313 D Street, 
Suite 203, Lewiston ID. 83501. 

Sandlund, R. 1999. Communication of RUSLE Modeling Results on County and Private 
Roads. Natural Resource Conservation Service, Grangeville ID 

USFS. 1994. WATSED - Water and Sedimet Yield Mode. Developed by Range, Air, 
Watershed, and Ecology Staff Unit, Region I, USDA-Forest Smice and Montana 
Cumulative Watershed Effects Cooperative. 
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Wolf Lodge Creek Sediment Budget 
Wolf Lodge Watershed Land Use 
Subwatershed 
Pasture (ac) 
Forest Land (ac) 
Undocked forest (ac) 
Highway (ac) 
Double Fires (ac) 

Wolf Lodge Watershed Roads 
Forest roads (mi) 
Ave. road density (mi/sq mi) 
Forest road crossing freq. (#mi) 
Forest road crossing number 
County & private road crossing number 
CWE score 
Unpaved county and private roads (mi) 
Paved county roads (mi) 
Yielding Forest roads (mi) 
Yielding county and prlvate mads (mi) 
Forest road encroaching (mi) 
County Road encroaching (mi) 

Cedar Ck Marie Ck 
77 23 

11128 11537 
26.1 73.6 
358 0 

0 0 

92.2 90.1 
5.7 5 
0.2 0.1 
20 12 
3 0 

18.9 18.9 
5.2 0.8 
0 0 

1.5 0.9 
0.2 0.0 
6.3 2.5 
0 0 

Q .. 

tanduse 

Wolf Lodge Ck. 
923 

1571 7 
47.8 
85 
0 

107.1 
4.1 
0.4 
46 
4 

5 
4.6 
3.5 
0.5 
0.3 
0 

18.9 

.- , . 
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Sad Yield 

Wolf Loage Creek Sediment Weld and Bport Budget from Land Usa Types 

Cedar Ck Made Ck olf m e  Ck. Yield Coeff. (tonslam 
2.3 0.7 27.7 0.03 

128.0 132.7 180.7 0.023 
128.0 132.7 180.7 
0.4 ? .O 0.6 0.027 
0.4 1 .o 0.8 
3.4 0.0 0.8 0.01 9 
3.4 0.0 0.8 
0.0 0.0 0.0 0.004 
0.0 0.0 0.0 
0.0 0.0 16.5 33 t o n w r  (NRCS) 
0.0 0.0 10.5 

134.0 134.4 226.4 
131.7 133.7 186.7 

County. ForW and Private Road Sediment Yield 
watershed 
Forest R a d s  

Sutfaee fine sedlment (tons!yr) 
Road failure finas (?ondyr)* 
Road fallun c o r n  (tonslyr)* 
Encroachment plnes (tonslyw 
Encroachment course (toWyr)# 

Surface flne seedlrnent (tondyrj 
Road fallure flnas (tom 
Road failurn mume (Iondyo 
Encroachment fines (tondyr) 
Encraadmmt course (tonslyr) 

County and Private Roads 

Cedar Ck Marte Ck olt Lodge Ck Meld CoepC. (tondrnllyr) 

13.0 8.2 
0.7 0.0 
0.7 0.0 
16.Q 6.7 
163 8.7 

16.6 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

31.4 
0.1 
0.0 
1 Q.9 
1a.Q 

13.6 
0.0 
0.0 
0.0 
0.0 

9 
Uses mass failure and delivery rates developed from CWE protoaol p r a t e d  for road mi 

Soil Percent FinesfCab4W 0.243243 
0.5 
0.5 

* from weighted avearge of fines and stones in soils gmups 

#Assume: one -quarter inch from three feet banks: denslty = 2.6 Wcc 
0.020833 0.25"yr/12" 
48591 872 ! l O T 3 5 2 8 V ~ 8 3 1 7 ~ S T . 6  gtcc = gtyr 

808000 454glIb" 2000 IM 
55.51 539 tfirclmile 

270.1 
204 
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Totals 

Wolf Lodge Watershed Sediment Export 

Sub-watershed Cedar Ck 
Land use fines export (tondyr) 134.0 
Land use course export (tons/yt) 131.7 

Road course export (tondyr) 17.6 
Road fines export (tondyr) 47.9 

Bank fines export (tondyr) 0.0 
Bank wurse export (tondyr) 0.0 
Total fines export tonsfyr) 181.9 
Total muse export tondyr) 149.3 

Marie Ck 
134.4 
133.7 
14.9 
6.7 
0.0 
0.0 

149.2 
140.4 

Wolf Lodge Ck, 
228.4 
198.7 
61.9 
16.9 
16.5 
16.5 

304.8 
232.1 

Natural Bacuround 267 268 386 

Wolf Lodge Watershed 
404.0 
464.1 
124.8 
41.2 
?6.5 
i6.5 

635.9 635.9 
521.8 521.8 
1 157.6 

Page 1 
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..-. 
Roads 

WoM lodge Wabnhed County and Prlvntm Roads 

b d a r  Ck 
name countylpr miles width gmde (%) %gravel slop lgth 

AlderCk county 5.2 30 3 4  5-10 500 

Marie Ck 

MarleCk county 0,8 30 1 15-M 750 
name countylpr mlhs width gmde (%) %gravel slope lgth 

Wolf Lodge Ck  

Gateway prlvate 0.9 20 a 5.10 500 
Stelfa Ck private 0.5 20 2 0 500 
AlderCk. county 0.8 30 3 4  510 500 
Toboggan 1.8 20 0 0 4 0 0  
Meyer Hill county 1 30 5-8 30 200 

name countylpr mlks width grade(%) %gravel alopelgth 

e m l l  
W 5 0  

cutliill 
w1 w 

base mat. oil textur cut slop live water Uadyr 
natlve slltloam veredlsta crosses 30 

h i e  mat. oll textur cut slope live water Uadyr 
native siltloam NA. 20-1W 5 

base mat. oil texrur cut sIope llve water tladyr 
native sllt loam N.A. cmss88 2.7 
native sltloam vewsta  none 16 
native siltloam vered/sta msges 28 
natlve velly SIR lo veWuns none 59 
native wllyslltlo veredlsta cro8s~s 18 

24.7 

B C W  

0.55 
total 

acres 
0 

total 

B C W  

0.28 
0 

0.28 
0 

0.28 
total 

tonslyear 
16.5 
16.5 

tonslyear 
0 
0 

tonidyear 
0.8 
0 

7.8 
0 
5 

13.6 
Wolf Lodge Ck. Road Paved 
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Landuse 

Cougar, Kidd and Mica Creeks Sediment Budgets 
Watershed Land Use 

Subwatershed 
Pasture (ac) 
Forest Land (ac) 
Undocked forest (ac) 
Highway (ac) 
Double Fires (ac) 

Road Data 

Watershed 
Forest roads (mi) 
Ave. road density (mi/sq mi) 
Forest road crossing freq. (#/mi) 
Forest road crossin5 number 
County & piivate unpaved road crossing 
presumed CWE score 
Unpaved county and private roads (mi) 
Paved county roads (mi) 
Yielding Forest roads (mi) 
Yielding county and ptivats roads (mi) 
Forest mad encroaching (ml) 
County Road encroaching (mi) 

Cougar Kidd Mica 
2609 1772 2008 
7854 1887 12209 
189 78 64 
59.4 38 61.8 

0 0 0 

Cougar Ck 
50 
3 

I .e 
66 
0 
15 

12.8 

Kidd Ck 
18 
3.1 
0.8 
10 
I 

10 
2.4 

5 0.8 
0 0.1 

1 .Q 0.3 
0 0 

Mica Ck 
40 
1.7 
0.9 
47 
2 

17.8 
1.2 

3.0 
0.2 
1.6 
0 

Page 1 
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Sed Yield 

Cougar, Kidd and Mica Cmek Sediment Yield and mrt Sudw from Land Us8 Types 

Watershed CougarCk Kldd Ck Mica Ck CougarCk KlddCk MlcaCk 
Pasture (tonm(flne) 78.3 88.0 130.3 0.03 0.05 0.05 
Conifer Forest -(fine) 268.6 50.2 324.8 0.038 
(course) 20.8 21.5 139.2 
Unstoched Fomd -(the) 9.4 3.0 2.5 0.055 
(muFSe) 1 .o 1.3 I .1 
Highway (torwEyr)(flne) I .8 0.9 1.5 0.034 
(course) 0.2 0.4 0.6 
Double Flm floWyr)(fine) 0.0 0.0 0.0 0.017 

Total Weld (tonm(ff ne) 389.f 185.9 600.0 

Meld Coeff. (tpnslaclyr) 

(course) 0.0 0.0 0.0 

(WW 

174.4 

County, Fmst and Private Road Sedtrnent Meld 
Forea Roads 
Watmhed CougarCk KiddCk MicaCk 

Surlace nns sediment (tondyr) 25.0 2.3 35.0 
Road failure fines eondyr)* 38.4 0.0 2.3 

Encroachment flnes 9.2 1.1 6.0 
Encroachment cobble (tons!yr)# 1.0 . 0.5 2.6 

Road fallum cobble (toWyQ* 4.3 , 0.0 1 .o 

County rnd private d s :  
Surface flne sedlrnent (tondyr) 0.0 6.5 0.7 
Road failure fines Oondyr)* 0.0 0.0 0.0 
Road fallure cobble (Iondyr)" 0.0 0.0 0.0 
Encmachment flnes (tondyr)# 0.0 0.0 0.0 
Encroachment cobble flon#yr)# 0.0 0.0 0.0 

" Uses m a s  fallurn und delivery rates devebped from CWE protocol prpratec 

Yield Coeff. (tonshnM* 

Soil Percent Rnes 
5 3 10 

0.0 0.7 0.7 Fines 
0.1 0.3 0.3 Corn  

* fmm weighted avearge of flnes and stones in solls groups 

#Assume: one quarter Inch from three feel banks: denslty = 2.6 @cc 
0.020833 0.25Wl2" 

48501 Q72 I1 ~~*5280"28317cclff3"2.6 glcc = gfirr 

53.51 539 Uydmlle 
908000 454gllb" 2000 IM 

Flll fallure rated as zero because cmsslngs are brldges M on flat grade. 
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Totals 

Cougar, Kidd and Mica Creeks Watershed Sediment Export 

Sub-watershed 
Land use fines export (?ons/yr) 
Land use course export (tonslyr) 
Road fines export (tondyr) 
Road cobble export (tonslyr) 
Bank fines export (tonslyr) 
Bank cobble export (tonslyr) 
Total ff nes export tondyr) 
Total cobble export tondyr) 

Cougar Ck Kidd Ck 
358.0 142.7 
31.1 23.2 
63.4 8.7 
4.3 0.0 
9.2 1.1 
1.0 0.5 

430.6 152.6 
36.4 23.7 

Mica Ck 
459.0 
140.9 
38.7 
1 .o 
6.0 
2.6 

503.7 
144.4 

Natural Background 407.0 143.5 567.8 
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Cougar, Kidd and Ylea Watmmheds County and Prlvate Roads 

Cougar Ck 

Stand Elk private 
Mdwbrook wunty 

Hehe county 
Woodside private 
Noname prlvate 

Thompson county 
Bunn county 

CougarEt county 
Clefnetson county 

Stack county 
' CougarG. county 

Miller county 
Reynolds prlvate 

name countylpr 

Kldd Ck. 
name countylpr 
Hull county 

Wenlger county 

Mlca Ck. 
name countylpr 
Carnle county 

Sa-r prlvrrte 
McaSprs prlvate 

mlles 
0.25 
0.75 
1.3 
0.5 

0.35 
1.7 
0.6 
0.5 
0.0 
1.7 
1.8 
1.5 
0.9 

miles 
0.9 
0.6 

mlkS 
0,15 
0.75 
0.3 

Roads 

width grade (%I 'k gram1 slope l@h CuUfdl base met. soil W u  cut slope 1% water Uaciyr acres bondyear 
20 
30 
30 
20 
20 
30 
M 
30 
90 
30 
30 
30 
20 

. .  

1 % l o  
1 75 
2 50 
2 50 
3 5 

4 4  20-30 
3-4 80 
3 4  50 
3-4 50 
4 5  30 
4-5 10 
4-5 20 
5-6 15 

>5M1 
boa 
s.500 
3w 
,500 

300600 
2500 
500 
400 
200 
400 
500 

400-500 

w100 
~ 1 0 0  
2 W S  
011 00 
W S O  
9 / 5 0  
5o/so 
W 5 0  
5o/so 
50150 
W50 
W 5 0  
MI50 

basalt 
natlve 
native 
natlve 
native 
natlve 
natlve 
native 
basalt 
natlve 
native 
natlve 
natlve 

none 
none 
w 

m t t m  
none 
2M0' 
4 00' 
none 

awses  
none 

50-1 00 
none 
none 

5.4 

5.5 
1 
17 
14 
0.1 
3 

1.8 
12 
0.1 
32 
41 

10.3 

0.8 
0.01 
2.72 

1.21 
0.85 
6.18 
1.45 
1.81 
3.2 
6.18 
6.54 
5.45 
2.18 

4-72 

3.2 
2.2 
20 
1.2 

14.4 
88.5 
0.1 
5.5 
5.8 
74.2 
O B  

174.5 
89.45 

width grade (In) % gravel dope igth cutlfill base mat sol1 bxtu cut slope llve warn tladyr a c m  tondyear 

30 5 10 *500 50150 native uweredfsta CmsSBs 32 2.18 60.8 
30 2-3 . 20 ' *XI0 50150 native coveredlsta none 15 3.27 49.1 

23.5 

width gmde (%) %gravel s l o p  lgth eutlCill bats mat. sol1 bxtu cut slope llve water Uadyr acms tonslysar 
30 1 50 *500 01100 basalt cweredlsta adjacent 2.3 0.55 I .2 
20 1 70-80 ,500 WIOO natlbasalt covered/sta m e s  0.7 1.01 1.3 
20 6 90 100 50150 natlbawlt wvemdkta none 1 0.73 0.7 

1.3 
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Land Use 

Latour, Baldy and Larch Cmeks Sediment Budgets 
Watershed Land Use 

Subwatershed 
Pasture (ac) 
Forest Land (ac) 
Unstocked forest (ac) 
Highway (ac) 
Double Fires (ac) 

Road Data 

Forest roads (mi) 
Ave. road density (m&q mi) 
Road crossing freq. 
Road crossing numkr 
County and private unpaved mad crossings 
CWE score 
Unpaved county and private roads (mi) 
Paved county mads (mi) 
Meldlng Forest roads (mi) 
Yielding County and Rivate Roads (mi) 
Encroaching Forest Roads 
Encroaching County and Private Roads (ml) 

Latour Ck. Baldy Ck. Larch Ck. 
257 0 0 

23181 5372 540 
3855 -I 45 0 

0 0 0 
0 0 0 

186.9 
4.4 
0.5 
85 
2 

13.3 
4.4 
0 

4.9 
0.2 
6.3 
0.1 

48.2 
5.4 
1 .l 
12 
0 

13.3 
0 
0 

0.9 
0 

0.4 
0 

0.5 
0.6 
0 
0 
0 

13.3 
0 
0 
0 
0 
0 
0 
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. II. sed Yield 

htour, Bawdy and Larch Creeks Sediment Yield and Export Eudgel from Land Use Types 

LatourCk BaldyCk 
5.1 0.0 

2t3.3 49.4 
91 Q.0 74.1 
41.8 1 .e 
62.5 2.3 
0.0 0.0 
0.0 0.0 

260.0 51 .O 
382.3 78.5 

. County, Forest and prlvate Road Sedlment YIeM 

Watershed Mow Ck BaMy Ck 
Fond road 

Surface fine sediment (tonsfyrj 246 4.5 
Road fa l lm flnes (brim 15.5 0.0 
Road faailun cobble (Iondytj' 23.2 . 0.0 
Encmachment fines (tanslyrp i3.5 0.9 
Encroachment cobble (tom 20.2 1.3 

Surface fine sedlment (tondyr) 6.2 0.0 
Road failure fines ( t o n m  0.0 0.0 
Road failurn cobMe (tonslyr)' 0.0 0.0 
Encroachment fines ( t o n w  0.2 0.0 
Enmachment cobble (tonslyij 0.3 0.0 

Total flns yield (I- 60.0 5.4 

County and prlvate mads 

Total wbble yield (londyr) 43.8 1.3 

LarchCk . Yleld Coeff. (tons/adyr) 
0.0 0.02 
5.0 0.023 
7.6 
0.0 0.027 
0.0 
0.0 0.018 
0.0 0.004 
5.0 
7.8 

Larch Ck 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5 

' Uses mass failure and delivery rates developed from CWE protocol pmrated 

Soil Percent Fine9 
0.4 Flnes 
0.6 Cobble 

* fmm welghted avearge of Anes and stones in solls groups 

#Assume: one -quaner Inch from three feet bank; density = 2.1 glee 
0.020833 0.25"ydW 

48591972 I1 gr2*5*5280V83i7~Ml33'2.6 Q/CC = prVr 

53.51539 t/yr/mlle 
9080W 454@lb* 2000 IWt 

FIN fallurn rated as zero because msdngs am bridges or on flat grade. 
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Total Sed 

Latour Watershed Sediment Export 

Subwatershed Latour Ck Baldy Ck Larch Ck 
Land use fines export (tondyr) 280.0 51 .O 5.0 
Land use course export (tondyr) 382.3 76.5 7.6 
Road fines export (tonslyr) 46.3 4.5 0.0 
Road cobble export (tondyr) 23.2 0.0 0.0 
Bank fines export (tondyr) 20.5 0.9 0.0 
Bank cobble export (tondyr) 13.7 1.3 0.0 
Total fines export tondyr) 326.9 5B.4 5.0 
Total cobble export tondyr) 41 9.3 77.8 7.6 

Natural Background (tondyr) 627.7 128.9 12.6 

* . . *  , ..< , pa- .- . -  , , .- ,+.- , * ' .  , 

Latour Creek Watershed 
31 6.1 
466.4 
50.9 
23.2 
21.4 
15.0 

308.4 
504.6 



Roads 

Latour Ck County and Privata Roads 
nama countylpr miles wldth gmde (%) 9b gnwl slope Ig4h cUtMll base mat oil t e a r  cut slope llve water tladlrr acm tonslyear 
LatwrCk county 3.85 30 1 10 200 25/75 natlve slltloam veredlsta OW; m o w  4.7 0.55 2.6 

Total 0.2 
Dudley Ck county 0.5 30 1-2 10 ~ 5 0 0  2WO native slltloarn veredlsta cm8s~s 13 0.28 3.6 
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Landuse 

Fourth of July, Willow and Thompson Creeks Sediment Budgets 
Watershed Land U s e  

Subwatershed 
Pasture (ac) 
Forest Land (ac) 
Unstocked forest (ac) 
Highway (ac) 
Double Fires (ac} 

Road Data 

Forest roads (mi) 
Ave. road density (rni/sq mi) 
Road crossing freq. 
Road crossing number 
County and private unpaved road crossings 
CWE score 
Unpaved county and private roads (ml) 
Paved county roads (mi) 
Yielding Forest roads (mi) 
Yielding County and Private Roads (mi) 
Encroaching Forest Roads 
Encroaching County and Private Roads (ml) 

4th of July Willow Thompson 
1,548 453 61 8 
16,183 3,386 1,888 

105 36 80 
336 0 0 
906 0 0 

77.6 
2.8 
1.2 
76 
-I 

20.2 

5.8 
0.08 
0.4 
0 

22.5 
3.7 
1.5 
16 
0 

24.6 

- 
1.2 

0.9 
0 

- 

21 
5.4 
2.2 
23 
0 

17.3 

1.7 

1.3 
0 

Page 1 

::. . . .  , . '. .. :-< ~. .,;.,, ,.~:,.,- , ., 



Sed Weld 

Fourth of July, Willow and Thompson Creeks Sediment Yield and Export Budget from Land Use Types 

4th of July 
46.4 

223.5 
140.0 
2.7 
1.8 
3.8 

2.2 
1.4 

278.8 
154.8 

2.8 

County, Forest and Private Road Sedlment Weld 

Watershed 
Fomt mad 

Surface flne sedlment (tondyr) 
Road failure flnes (tom* 
R o d  faIluE c o u m  (tons/yr)* 
Enmachment fines @ndyr)# 
Encroachment mume (ton- 

Surface fins sediment ( t o n m  
Road failure fines (londyr)* 
Road failure course (tondyr)" 
Encroachment flnes (tonw'yrp 
Encroachment course (tondyr)# 

County and private roads 

Total flne yield ( towr)  
Total course yleld oondyr) 

4th of July 

51.8 
0.8 
0.5 
1.3 
0.9 

3.8 
0.0 
0.0 
0.3 
0.2 
57.7 
1.5 

Willow 
18.1 
48.7 
31.2 
0.6 
0.4 
0.0 
0.0 
0.0 
0.0 

65.4 
31.5 

Wlllwv 

12.1 
0.0 
0.0 
2.9 
1.9 

0.0 
0.0 
0.0 
0.0 
0.0 
15.0 
1 .o 

Thompson Yield Coeff. (londawij 
24.7 0.03 0.04 0.04 
25.8 0.023 
17.2 
1.3 0.027 
0.9 
0.0 0.01 8 
0.0 
0.0 0.004 
0.0 
51.8 
18.0 

Thompson 

13.9 
0.0 
0.0 
4.2 
2.8 

0.0 
0.0 
0.0 
0.0 
0.0 
18.1 
2.8 

Meld Coeff. (tonslmi/yO 
9 I O  8 

&il Percent Fines from weighted avearge of flnes and stones In soils gmul 
0.6 0.6 0.6 Fines 
0.4 0.4 0.4 Cobble 

# Assume: one quarter Inch f m  three feel banks; density = 2.6 glcc 

48591 872 I1 9*2"3*5280'?8317WftK?.B glcc = g/yr 

53.61539 Uyrhnlle 

0.020833 0.25"yrllT 

$008000 454gnb* 2000 lM 

Uses m a s  failure and delivery rates developed from CWE protocol preratec 

Flll failure rated as zem because m l n g s  BTB bddges or on flat grads. 
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Sed Totals 

Fourth of July, Wlflow and Thompson Creeks Watershed Sediment Export 

Subwatershed 
Land use fine export (tons/yr) 
Land us8 course export (tondyr) 
Roadfineexpott(tonslyr) 
Road d o m e  export (tonslyr) 
Bank fines export ( toner)  
Bank course exporl (Iondyr) 
Total fines export tondyr) 
Total course export tonslyr) 

4th of July 
278.6 
154.0 
57.7 
1.5 
t .5 
1 .O 

337.9 
157.3 

Willow 
65.4 
31.5 
12.1 
0.0 
2.9 
1 .Q 
80.4 
33.5 

Thompson 
51.8 
18.0 
13.9 
0.0 
4.2 
2.8 
69.9 
20.8 

Natural Background 41 9.6 89.1 59.0 



3.0 Total Maximum Daily Loads for the Water Quality Limited 
Water Bodies of the Coeur d'Alene Lake and River Sub-basin 
(17010303) 

3.1 Wolf Lodge Creek Watershed Total Maximum Daily Load 

3.1. I Introduction 

Wolf Lodge Creek and its tributaries Marie and Cedar Creeks are listed as water quality limited 
on the 1998 section 303(d) CWA list. The sub-basin assessment (section 2.0) indicates that Wolf 
Lodge Creek is impaired by excess sedimentation. The model used estimated 237 tondyear above 
the background sedimentation rate. However, the sediment loading of streams in the northern 
Rocky Mountains is not continuous nor does it occur on a yearly basis. The majority of the 
sediment resident in the bed and affecting the beneficial uses is loaded in large discharge events 
which have a return perid of 10 - '15 years. The model accounts for this fact by dividing mass 
fhilure and road encroachment sediment estimates by ten. Wolf Lodge Creek could possibly have 
2,370 tons of sediment resident in its bed from the 1996 flood event. This amount added to any 
residual sediment from the 1974 and earlier flood events. Marie Creek is listed for habitat 
alteration. Habitat alteration is not a characteristic, which can realistically be addressed with a 
TMDL. A TMDL addressing the excess sedimentation of Wolf Lodge Creek Will require that 
sediment loads h m  Marie and Cedar Creek as well as its other tributaries be addressed. 

The Wolf Ldge Creek watershed has the ownership pattern outlined below: 

Acreage I-ahS 
32,592 82 

ownershit, 
F & d  
state 386 1 

.17 
100 

E€iw&s 6.742 
Total 39,720 

The land use pattern has the pattern outIined below: 

I&anuk &&as Ik=ltfw 
Forest Use 
USFS 32,592 82.1 
state & Wvab 5,382 13.5 
Agriculture & 

1.746 4.4 
Total 39,720 100.0 

Stream kntage on agricultural bottom lands is divided as follows: 

s- Frontwe U s  Footolee Percenw 
working ranch 25,872 48.5 
l iaKwG z&& ._51.5 
Total 53,328 100.0 



3.1.2 T m L  Authority 

Section 303(d)( 1) of the Clean Water Act requires states to prepare a list of waters not meeting 
state water quality standards in spite of technology based pollution control efforts and the 
application of best management practices for nonpoint sources. This list must indude a priority 
ranking " ... taking into account severity of the pollution and the uses to be d e  of such waters." 
The prescribed remedy for these water quality limited waters is for states to determine the total 
maximum daily load ("MDL) for pollutants "-.. at a level necessary to implement applicable water 
quality standards with seasonal variations and a margin of safety ..." A margin of safety is 
included to account for any lack of knowledge about how limiting poIlutant loads will attain water 
quality. 

Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state 
be submitted to the EnvironmentaI Protection Agency (EPA). The EPA is given thirty days to 
either approve or disapprove the state's submission. If the EPA disapproves, the agency has 
another t h i i  days to develop a list or TMDL for the state. Both the list and all TMDLS, either 
approved or developed by EPA, are hcmporated into the state's continuing planning process as 
required by section 303(e). 

3. I .  3 Loading Capaciw 

The load capacity for a TMDL designed to address a sediment caused limitation to water quality 
is complicated by the fact that the State's water quality standard is a narrative rather than 
quantitative standard. In the waters of the Wolf Lodge Creek watershed, the sediment interfering 
with the beneficial use (cold water biota) is most likely large bedload particles. Adequate 
quantitative measurements of the effect of excess sediment have not been developed. Given this 
difficulty a sediment loading capacity for the TMDL is more difficult to develop. This TMDz, and 
its loading capacity is based on the following premises: 

natural background levels of sedimentation are assumed to be fully supportive of 
the beneficial uses, cold water biota. 

the stream system has some ~ t e  yet unquantified ability to process (attenuate 
through export andor deposition) a sedimentation rate m e r  than background 
rates. 

the beneficial use (cold water biota) i n - m  will be fully supported when the 
finite yet unquantified ability of the stream system to process (attenuate) sediment 
is met. 

Y 

P 
:: 

care must be taken to control factors which may interfere (fish harvest) with the 
quantification of beneficial use support. 
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The natural background sedimentation rate from the Wolf Lodge Creek Watershed is 91 0 tons per 
year. (Background sediment yield = 39,553 acres x 0.023 todacdyr) .  This calculation assumes 
the entire watershed would be vegetated by coniferous forest, if undisturbed. This value is the 
interim loading capacity. 

3.1.4 Mwgin of Safety 

The model employed to e s h t e  sedimentation rates has s e v d  conservative assmptio~~~, which 
are documented in Section 2.0, Appendix B. Applied to the Belt terrane of the WoIf Lodge 
watershed, the model provides an inherit mgjn of safety of 23 1%. This is a sufficient margin of 
safety. 

3.1.5 Appropriate Meamrentem of Full BeneJcial Use Support 

Sediment load reduction from the current level towards the interim sediment reduction goal is 
expected to attain an as yet unquantified sediment load at which the beneficial use (cold water 
biota) will attain full support. This sediment load will be recognized by the foIlowing appropriate 
measures of full cold water biota support: 

three or more age classes of trout with one young of the year. 
trout density a reference levels (0.1-0.3 fish/yd2/how effort). 
presence of sculpin and tailed frogs. 
macro invertebrate biotic index score of 3.5 or greater. 

When the appropriate sediment loading capacity is detemmd * by these appropriate measures of 
full cold water biota support, the interim load capacity will be revised to the appropriate load 
capacity. 

3. I .  6 Sediment Load Allocation 

The m n t  a t h a t e  of the sediment load capacity of the watershed is 910 tons per year. Model 
estimates indicate that 40 tons (16.2%) are from agricultural land and that 217 tons (83.8%) has 
its origin from forest land. The sediment load allocated to the forest lands is 763 tons per year 
(910 t/y~ x 0.838). The sediment load allocated to agricultural lands is 147 tons per year (910 Vyr 
x 0.162). The U.S. Forest Sewice is allocated 655 tons per year (763 t/yr x 0.858), whiIe the 
private and State forest land is alIocated 108 tons per year (763 t&r x 0.142). The ramha dong 
the stream are allocated 71 tons per year (147 tlyr x 0.485), while the ranchettes are allocated 76 
tons per year (147 t/yr x 0.515). 
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ISediment Allocation] 

3.1.7 Sediment Load Reduction Allocation 

3. I .  7. I Current Sediment YieldjFom Forest and Agricultural Bottom L d .  

The current estimate of sediment yield from the watershed is 1,157 tons per year (section 2.3.2.8; 
table 15) It is estimated that 83.8% has its origin h m  forest Ian4 while 16.2% has its origin from 
agricultural lands along the stream. The sediment load reduction sought from forest lands is 207 
tons per year ([1,157 - 9101 x 0.838). The sediment load reduction sought from agricultural lands 
is 40 tons per year ([1,157 - 9101 x 0.162). 

. .. 
i .  

I 

3.1.7.2 Forest L u n h  

Sediment sources h m  forest lands are primarily associated with the road systems. Prime 
sediment sources are roads 1 0 4  in stream flood plains, road crossings of streams and erosion 
from road surfaces channeled directly to dreams. 

The U.S. Forest Sewice manages 85.8% of the forest lands and is allacated a s e d h n t  load 
reduction target of 178 tons per year (207 x 0.858) from its lands. Private and State forest 
owners manage 14.2% of the forest lands and are dlocated a sediment load reduction target of 29 
tons per year (207 x 0.142) from these lands. 

3.1.7.3 Agricultural Luna5 

Agricultural lands or those agricultural Iands converted to small ranchettes are located in the 
Iowa Marie and lower Wolf Lodge Creek areas of the watershed. Ranchettes are 1d holdings 
of a few to forty acres. The primary mechanism of sedimentation h m  the agricultural and 
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converted lands is stream bank erosion. Bank erosion is the result of riparian vegetation loss and 
channelization on working ranch lands and ranchettes. Ranchettes are allocated a sediment load 
reduction of 21 tons/ year (40 x 0.515). The two ranches are dlocated a sediment load reduction 
of 19 tons/ year (40 x 0.485). 

Figure 2 

Sediment Reduction AlIocation 
WOr Lodge Geek W r s R e d  

I I 

U.8. forest & W k a  U 178 tonm r 

3.1.8 Monitoring Provisions 

In-stream monitoring of the beneficial use (cold water biota] support status during and after the 
sediment abatement project implementation will establish the final sediment load reduction 
required by the TMDL. In-stream monitOring, which will detect the thresholds values identified in 
section 3.1.4, will be completed every year on a randomly selected 1% of the watershed’s Rosgen 
B and C channel types. Data will be complied after five years. The yearly increments of random 
testing, which sum to 5% of the stream after five years should provide a data base not biased by 
transit fish and macroinvertebrate population shifts. Based on this data base the beneficial use 
support status will be determined. Monitoring will assess stream reaches 20 times bankfull width 
in length. These reaches will be randomly selected from the total stream channel in B and C types 
until at least 5% of these channels have been assessed after five years. Identical measurements 
will be made in appropriate reference streams, in which beneficial uses are known to be 
supported. 

3.1.9 Feedback Provisiom 

Data from which the problem assessment and TMDL for iye Wolf Lodge Creek watershed were 
developed are often crude measurements. As more exact measurements a~ devehped during 
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implementation plan development or subsequent to its development these will be added to a 
revised TMI3L as required. 

When beneficial use (cold water biota) support meet the full attainment level, further sediment 
load reducing activities will not be required in the watershed. The interim sediment loading 
capacity will be replaced in a revised TMDL with the ambient sediment load. Best management 
practices for forest and agricultural practices will be prescribed by the revised TMDL with erosion 
abatement structure maintenance provisions. Regular monitoring of the beneficial use will be 
continued for an appropriate period to document maintenance of the 1 1 1  support of the beneficial 
use (cold water biota). 



3.2. Cougar, Kidd, and Mica Creek Watersheds Sediment Total Maximum Daily Loads 

Land Use h s g e  hrcentege 

State Forest 423 4.0 

3.2. I. Introduction 

Cougar, Kidd, and Mica Creeks are listed as water quality limited on the 1998 section 303(d) 
CWA list. The sub-basin assessment (section 2.0) indicates that these creeks are impaired by 
excess sedimentation. Mica Creek is additionally limited by bacteria. A separate TMDL will be 
developed for this pohtant of Mica Creek. 

Sediment model results indicate that Cougar, Kidd and Mica Creeks exceed the natural 
background sedimentation rate by 60,34.3 and 80.1 tons per year, respectively. However, the 
sediment loading of streams in the northern Rocky Mountains is not continuous nor does it occur 
on a yearly basis. The majority of the sediment resident in the bed and affecting the beneficial 
uses is loaded in large discharge events, which have a return period of 10 - 15 years. The model 
accounts for this fact by dividing mass failure and road encroachment sediment estimates by ten. 
Cougar Creek could possibly have 600 tons of sediment resident in its bed from the 1996 flood 
event, while Kidd and Mica Creek would have 343 and 801 tons, repectively. These amount 
added to any residual sediment from the 1974 and earlier flood events. 

The Cougar, Kidd and Mica Creek watersheds have the ownership pattern outlined in Table 1 : 

I 
~. 

Mim 331 (2.2) M6 (4.3) 13,964 (93.5) 

Private F a s t  7,620 

Agricultd 
fieldlpllgture 



c 

Agricultural 
fie1d/p- 
I- 

Land Use 

State Forest 

Private Forest 

1,772 41.4 

~ 

BLM Forest 

Statc Fortst 

b) MicaCreek 

Land Use I Acrtagc Pcrccntngc I 
33 1 2.2 

646 4.3 

t 

Private Fortst 11,358 

Agricultuml 
fieldtpesture 
/ranchettes 

3.2.2. TMDL Author@ 

Section 303(d)(l) of the Clean Water Act requires states to prepare a list of waters not meeting 
state water quality standards in spite of technorogy based pollution control efforts and the 
application of best management practices for nonpoint sources. This list must include a priority 
ranking “.., taking into account severity of the pollution and the uses to be made of such waters.” 
The prescribed remedy for these water quality limited waters is for states to determine the total 
maximum daily load (TMDL) for pollutants “ ... at a level necessary to impiement applicable 
water quality standards with seasod variations and a margin of safety ...” A margin of s a f e t y  is 
included to account for any lack of knowledge about how limiting pollutant loads will attain 
water quality. 

Section 303(d)(2) requires both the list and any total maximum daily Ioads developed by the state 
be submitted to the Environmental Protection Agency (EPA). The EPA is given thirty days to 
either approve or disapprove the state’s submission. If the EPA disapproves, the agency has 
another hrty days to develop a list or TMDL for the state. Both the list and all TMDLs, either 
approved or developed by EPA, are incorporated into the state’s continuing planning process as 
called for in section 303(e). 

3.2.3 Loading Capad@ 

The load capacity of a TMDL designed to address a sediment awed  limitation to water quality 
is complicated by the fact that the State’s water quality standard is a narrative rather than 
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quantitative criterion. In the waters of the Cougar and Mica Creeks watersheds, the sediment 
interfering with the beneficial use (cold water biota) is primarily moderate to fine grain sands. 
Quantitative measurements of the impact of excess sediment have not been developed. Given 
this difficulty a sediment loading capacity for the TMDL is more difficdt to develop. The load 
capacity used in this TMDL is based on the following premises: 

~ 

Kidd 3,738 I42 176.3 

Mica 14,941 568 M8.l 

background levels of sedimentation are assumed to be fully supportive of the 
beneficid use, cold water biota. 

the stream system has some finite yet unqwtified ability to process (attenuate) a 
sedimentation rate greater than background rates, 

the beneficial use (cold water biota) in-stream will respond to a level of full 
support, which can be quantified when the finite yet unquantified ability of the 
stream system to process (attenuate) sediment is met. 

care must be taken to control factors which may interfere (fish harvest) with the 
quantification of beneficial use support. 

The background sedimentation rates for Cougar, Kidd and Mica Creeks watersheds are provided 
in Table 3. 

Table 3: Background sedimentation rate and interim loading capffiity and margin of snfety application 

sediment yield 

1 cougar 10,711 
I I 

3.2.4. Mwgin of Sqfety 

The model employed to estimate sedimentation rates has several conservative assumptions, 
which are documented in Section 2.0, Appendix B. Applied to the Kaniksu granetic terrane of 
the Cougar, Kidd and Mica watersheds, the model provides an inherit margin of safety of 164%. 
This is a sufficient margin of safety. 
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3.2.5 Appropriate Meamrements of Full Beneficial Use Support 

Water body 

Sediment load reduction from the current level towards the interim sediment reduction goal is 
expected to attain an as yet unquantified sediment load at which the beneficial use (cold water 
biota) will attain full support. This sediment load will be recognized by the following 
appropriate measures of 1 1 1  cold water biota support: 

Sediment load allocated 
to Fomt Lands (tondyr) 

Sediment Load a l l o c ~ k d  
to e g r i c u l ~ ~ i d e n t i a l  
l a d s  (tow) 

three or more age classes of trout with one young of the year. 
trout density at reference levels 0.1 - 0.3 trout per square meter 
presence of sculpin.. 
macro invertebrate biotic index score of 3.5 or greater. 

COufP 

Kidd 

When the appropriate sediment loading capacity is determined by these appropriate measures of 
fdl cold water biota support, the interim load capacity will be revised to the appropriate load 
capacity. 

307 IO0 

75 67 

3.2.6. Sediment Load Allocation 

The current estimate of allocatable sediment load capacity of the watershed is provided in table 4. 
The sediment loads allocated to the forest lands and to agricultudresidential lands based on the 
acreage d u e s  of Table 2 are provided in Table 4. 

I Mica I 469 I 99 -1 
Forest Land can be further subdivided into federal, state and private forest land. The further 
allocation of sediment load capacity to these land uses is provided in Table 5 and figure 1 based 
on acreage provided in Tables 1 and 2. 

Reference streams, Two Mouth and Trapper Creeks above development. 

4 



Figure 1 

Cougar Creek 

I I I I 

bllocation of Sediment) 
I k i d  Cseek I 

mate  F m s t  I 432 tonsly r 

3.2.7. Sediment Load 
Reduction Allocation 
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3.2.7.1, Current Sediment Yield from Forest and Agricultural Bottom Lands. 

BLM forest (ton*r) 

state foRSt(t0llslyT) 

The current estimate of sediment yield h m  each watershed is provided in Table 3. Based on the 
acreage values provided in Tables 1 and 2, the sediment load reduction required of each land use 
is provided in Table 6 and Figure 2. 

~~ 

1.8 

2.4 3.5 

Table 6:  Alloca€im ofsediment lpad redmion reau ired of each land use m. 
Wab b d y  I C O U P  Kidd Mia 

Private forest (to*) 

Agriculture (tondyr) 

42.9 18.0 60.9 

14.7 16.3 13.9 
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Figure 2 

Sediment Load Reduction- 
hlzcacreek w 

Sediment Load Reduction 
Cougar Creek 

bdiment Load Reductiod 
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3.2.7.2. Forest Lands 

Sediment sources on forest h d s  are primatrly associated with the road systems. Prime sediment 
sources are roads located in stream flood plains, road crossings of streams and erosion from road 
surfaces channeled directly to streams. 

3.2.7.3. Agricultural L a d  

Agricultural lands or those agricultural lands converted to small ranchettes are located in the 
Cougar Creek watershed. Ranchettes are land holdings of a few to forty acres. The primary 
mechanism of sedimentation from the agricdtud and converted lands is stream bank erosion 
along these streams. Bank erosion is the resdt of riparian vegetation loss and channelization on 
working ranch lands and ranchettes. 

3.2.8. Monitoring Provisions 

In-stream monitoring of the beneficial use (cold water biota) support status during and after the 
sediment abatement project implementation will establish the final sediment load reduction 
required by the TMDL. In-stream monitoring, which will detect the thresholds values identified 
in section 3.2.4, will be completed every year on a randomly selected 1% of the watershed's 
Rosgen B and C channel types. Data will be complied after five years. The yearly increments of 
random testing, which sum to 5% of the stream after five years should provide a data base not 
biased by transit fish and macroinvertebrate population shifts. Based on this data base the 
beneficial use support status will be deterrmne ' d. Monitoring will assess stream reaches 20 times 
bankfull width in length. These reaches will be randomly selected from the total stream channel 
in B and C types until at least 5% of these channeIs have been assessed after five years. Identical 
measurements will be made in appropriate reference streams, in which beneficid uses are known 
to be supported. 

3.2.9 Feedback Provisions 

Data from which the problem assessment and TMDL for the Cougar, Kidd and Mica Creeks 
watersheds were developed are often crude measurements. As more exact measurements are 
developed during implementation plan development or subsequent to its deveropment these will 
be added to a revised TMDL as required. 

When the appropriate measurements of beneficial use (cold water biota) support status meet the 
full attainment level, further sediment load reducing activities will not be required in the 
watershed. The interim sediment loading capacity will be replaced in a revised TMDL with the 
ambient sediment load. Best management prosctiCes for forest and agricuIturaI practices will be 
prescribed by the revised TMDL with erosion abatement stnrcture maintenance provisions. 
Regular monitoring of the beneficial use will be continued for an appropriate period to document 
maintenance of the full support of the beneficial use (cold water biota). 
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3.3. Latour Creek Watershed Sediment Total Maximum Daily Loads 

3.3. I Infroduction 

Latour, Larch, and Baldy Creeks are listed as water quality limited on the I998 section 303(d) 
CWA list for sediment. The subbasin assessment (section 2.0) indicates that Latour Creek is 
impaired by excess sedimentation, while this does not appear to be the case for Baldy and Larch 
Creeks. A sediment TMDL olddressing Latour Creek wil1 of necessity address Saldy and Larch 
Creeks. 

The model used estimated 126 tonslyear above the background sedimentation rate. However, the 
sediment loading of streams in the northern Rocky Mountains is not continuous nor does it occur 
on a yearly basis. The majority of the sediment resident in the bed and affecting the beneficial 
uses is loaded in large discharge events which have a return period of 10 - 15 years. The model 
accounts for this fact by dividing mass failure and road encroachment sediment estimates by ten. 
Latour Creek could possibly have 1,260 tons of sediment resident in its bed from the 1996 flood 
event. This amount added to any residual sediment from the 1974 and earlier flood events. 

The Latour Creek watershed has the o~ersh ip  and land use pattern outlined in Table 1 : 

Table 1: Land use patterns of Latour Creek 

1 I 

State Forest 25.4 (25.4) 

Private Forest 14,109 42.3 (42.6) 

AgJ Residential 
subdivision 

bte: Vducs in parenthesis are percentage offorest land. 

3.3.2 TMDL Authority 

Section 303(d)( 1) of the Clean Water Act requires states to prepare a list of waters not meeting 
state water quality standards in spite of technology based pollution control efforts and the 
application of best management practices for nonpoint sources. This list must include a priority 
fanking “..# taking into account severity of the pollution and the uses to be made of such wters.’’ 
The prescribed remedy for these water quality limited waters is for states to determine the total 
maximum daily load (TMDL) for pollutants “... at a level necessary to implement applicable 
water quality standards with seasonal Variations wnd a margin of safety ,..” A margin of safety is 
included to account for any Iack of howledge about how limiting pollutant loads will attain 
water quality. 



Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state 
be submitted to the Environmental Protection Agency (EPA). The EPA is given thirty days to 
either approve or disapprove the state’s submission. If the EPA disapproves, the agency has 
another thirty days to develop a list or TMDL for the state. Both the list atla all TMDLs, either 
approved or developed by EPA, are incorporated into the state’s continuing planning process as 
called for in section 303(e). 

3.1.3. Loading Capaciry 

The load capacity for a TMDL designed to address a sediment caused limitation to water quality 
is complicated by the fkt that the State’s water quality standard is a narrative rather than 
quantitative standard. In the worters of the Latour Creek watershed, the sediment interfering with 
the beneficial use (cold water biota) is most likely large bedload particles. Adequate quantitative 
measurements of the effect of excess sediment have not been developed. Given this difficulty a 
sediment loading capacity for the TMDL is more difficult to develop. This TMDL and its 
loading capacity is based on the following premises: 

natural background levels of sedimentation are assumed to be fully supportive of 
the beneficial uses, cold water biota 

the stream system has some finite yet unquantified ability to process (attenuate 
through export a d o r  deposition) a sedimentation rate greater than background 
rates. 

the beneficial use (cold water biota) in-stream will be fully supported when the 
fmite yet unquantified ability of the stream system to process (attenuate) sediment 
is met. 

care must be taken to control factors which may interfere (fish harvest) with the 
quantification of beneficial use support. 

The natural background sedimentation rate from the Latour Creek Watershed is 767 tons per 
year. (Background sediment yield = 33,359 acres x 0.023 todacdyr) -  This calculation assumes 
the entire watershed would be vegetated by coniferous forest, if undisturbed. This value is the 
interim loading capacity. 

3. I .  4. Margin of Safety 
I;. 
i 

The model employed to estimate sedimentation rates has several conmative assumptions, 
which are documented in Section 2.0, Appendix B. Applied to the Belt tefiane of the Latour 
watershed, the model provides m inherit margin of safety of 23 1%. This is a sufficient margin of 
safety. 
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Table 2: Background sdirnentation rate (intCrim loading cspacity) and mdtled sadiment yleld of Lstour Creek 

waterbody 

Waterbdy c Latour 

Sediment load allocated 
toFomtlands(tcm5~) toagricularrall 

Sediment Load allocated 

residential lands (tonsfyr) 

33,359 

Labur 690 

Background 

tons /scrd year) 

I7 

3.3.5. Appropriate Measurements of Full BeneBcial Use Support 

Sediment load reduction from the current level towards the interim sediment reduction goal is 
expected to attain an as yet quantified sediment load at which the beneficial use (cold water 
biota) will attain full support. Tkis sediment load will be recognized by the following 
appropriate measures of full cold water biota support: 

tbree or more age classes of trout with one young of the year. 
trout density a reference levels (0.1-0.3 frWyd2hour effort). 
presence of sculpin and tailed fmgs. 
macro invertebrate biotic index score of 3.5 or greater. 

When the appropriate sediment loading capacity is determined by these appropriate measures of 
full cold water biota support, the interim load capacity will be revised to the appropriate load 
capacity. 

3.3.6. Sediment Load Allocation 

The current estimate of allocatable ssdiment load capacity of the watershed is provided in table 2. 
The sediment load allocated to the forest lands and to agriculturdresidential lands based on the 
a 90% forest and 10% agriculture/ residental lands assumption (Table 3). The agriculturel 
residential lands are provided a higher allocation than would be expected from the 0.8% land 
base in these uses. The higher assumed allocation is based on the presence of bank erosion 
adjacent to these properties. 

Table 3: Allocation of sediment load capacity between I d  uses in the Latow Creek Watershed 
I I I 

Forest Land can be further subdivided into Forest Service, BLM, State, Tribal and private forest 
land. Stream bottom pasture land is completely divided into residentid (ranchette) lands. The 
further allocation of sediment load capacity to these land uses is provided in Table 4 and figure 1 
based on acreages provided in Tables 1. 
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Table 4: Allocation ofsediment la 

BLM (ton*) 

, capacity based on subdivision of land use typw. 

Latour1 

77 t 

Sediment Load Capacity Allocation 
I m o w  creek 

Figure 1 
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3.3.7. Sediment Load Reduction Allocation 

Forest Service (ton*r) 

BLM (tonslvr) 

3.3.7.1. Current Sediment Yield from Forest and Agricdtural Bottom Lands. 

4 

28 

The current estimate of sediment yield for the watershed is provided in Table 2. The sediment 
reduction required is 126 tons per year ( 893 tlyr - 767 dyr). Based on the acreage percentages 
provided in Tables 1, the sediment load reduction required of forest lands is 1 13 tons per year 
(126 t/yr * 0.9) and 13 tons per year (126 tlyr * 0.1) from agricultm land. The sediment 
reduction required of each owner group is provided in table 5 and figure 2. 

Table 5: Allmation of sediment load reduction required of each land use type. 

Waterbody I -ssr t 

Figure 2 

1 pediment Load Reduction Allocatiod 
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3.3.7.2. Foresf Lands 

Sediment sources h r n  forest lands are priniariIy associated with the road systems. Prime 
sediment sources are roads located in stream flood plains, road crossings of streams and erosion 
h r n  road surfaces channeled directly ta streams. 

3.3.7.3. Agricultural Lands 

Agricultural lands converted to small ranchettes are located in the Latour Creek watershed. 
Ranchettes are land holdings of a few to forty acres. The primary mechanism of sedimentation 
h m  the agricultural and converted lands is stream bank erosion along these streams. Bank 
erosion is the result of riparian vegetation loss and channelization on working ranch lands and 
ranchettes. 

3.3.8. Monitoring Provisions 

In-stream monitoring of the beneficial use (cold water biota) support status during and after the 
sediment abatement project implementation will establish the h a l  sediment load reduction 
required by the TMDL. In-stream monitoring, which will detect the thresholds values identified 
in section 3.1.4, will be completed every year on a randomly selected 1% of the watershed’s 
Rosgen 13 and C channel types. Data will be complied after five years. The yearly increments of 
random testing, which sum to 5% of the stream after five years should provide a data base not 
biased by transit fish and macroinvertebrate population shifts. Based on this data base the 
beneficial use support status wilI be determined. Monitoring will assess stream reaches 20 times 
bankfull width in length. These reaches will be randomly seIected from the total stream channel 
in B and C types until at least 5% of these channels have been assessed after five years. Identical 
measurements will be made in appropriate reference streams, in which beneficid uses are known 
to be supprkd. 

h 

i 

3. I .  9. Feedback Provisions 

Data b m  which the problem assessment and TMDL for the Latour Creek watershed were 
developed are often crude measurements. As more exact measurements are developed during 
implementation plan development or subsequent to its development these will be added to a 
revised TMDL as required. 

When beneficial use (cold water biota) support meet the ful1 attainment level, further sediment 
load reducing activities will not be required in the watershed. The interim sediment loading 
capacity will be replaced in a revised TMDL with the ambient sediment load. Best management 
practices for forest and agricultural practices wil l  be prescribed by the revised TMDL with 
erosion abatement structure maintenance provisions. Regular monitoring of the beneficial. use 
will be continued for an appropriate period to document maintenance of the full support of the 

t 
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beneficial use (cold water biota). 
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3.4 Mica Creek Watershed Bacteria Total Maximum Daily Load 

Date Mica Creek FC 

7l23199 5 100 

7/23/99 

3.4. I Introduction 

Mica Creek E€ NF Mica Creek FC NF Mica Creek EC 

2900 400 I80 

1300 200 

Mica Creek and its North Fork exceed the current fecal coliform bacteria standard for the 
designated use secondary contact recreation (Table 1). The current standard is a geometric mean 
of 200 fecal coliform per 100 ml of water over a thirty-day period. The proposed Esckwichia 
coli @-coli) standard for recreational use will be a geometric mean over a thirty-day period of 
126 Ercoli per 100 ml water. The TMDL is written for both standards in the event it changes in 
the next year. 

814199 

8/24/99 

Geometric Mean 

800 220 720 190 

570 300 600 300 

993 535 553 216 

There are no point sources discharging bacteria to Mica Creek. Potential sources of bacteria to 
Mica Creek are residences and grazing animals. Seven residences are located along the creek. It 
is unlikely that these few residences are the source of the bacteria. Three ranches and one 
ranchette graze livestock along the stream. These grazing animstls and particularly the cattle 
associated with the three ranches are the likely source of the observed bacteria exceedence. 

3.4.2 TMDL Auihority 

Section 303(d)( 1) of the Clean Water Act requires states to prepare a list of waters not meeting 
state water quality standards in spite of technology-based pollution control efforts and best 
management practices applied to nonpoint sources. This list must include a priority ranking "..- 
taking into account severity of the pollution and the uses to be made of such waters.'' The 
prescribed remedy for these water quality limited waters are for states to determine the total 
maximum daily load (TMDL) for pollutants "... at a level necessary to implement applicable 
water quality standards with seasonal Variations and a margin of safety ..." A margin of safety is 
included to account for any lack of knowledge abut how limiting pollutant loads will ahin  
water quality. 

Section 303(d)(2) requires both the list and any total maximum daily loads developed by the state 
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be submitted to the EnViromental Protedon Agency (EPA). The EPA is given thirty days to 
either approve or disapprove the state's submission. If the EPA disapproves, the agency has 
another thirty days to develop a list or TMDL for the state. Both the list and all TMDLs, either 
approved or developed by EPA, are incorporated into the state's continuing planning process as 
called for in section 303(e). 

Stream 

Mica Creek 

NF Mica Creek 

3.4.3 Loading Capaciw 

fcu loading capacity ecu loading fcu loading capacity ecu loading 
(numberld) capacity (umbedd) - MOS' (numbedd) capacity - MOS' 

(numbedd) 

1.96 x 10'' 1.23 x lo'* 1.57 x IO'' 9.87 x 109 

1.32 x 10" 8.32 x IO9 1.06 x IO'O 6.66 x IO9 

Measured discharge on Mica Creek was 2.5 cubic feet per second (cfs), while the North Fork was 
measured at 1.7 cfs. These are the only measurements available. These measurements were made 
during August 1995. For purposes of calculation the loading capacity a mean summer discharge 
of 4 cfs and 2.7 cfs were assumed for Mica Creek and its North Fork, respectively. These are 
conservatively high summer discharge estimates. 

The Ioading capacity was based on the most stringent chronic standards, 200 fcul100 ml for 
fecal coliform, the c m n t  secondary contact remation standard (IDAPA 16.01.02.250.01.b.iii) 
and 126 ecullOOml for E-coli, the proposed recreational use standard. Use of these standards 
employs the most conservative case for load capacity calculation. Load capacity for fecal 
coliform and &coli are provided in Table 2. The mathematical calculations are provided in 
Appendix A. 

3.4.4 Margins of Safe& 

Three margins of safety are constructed into the TMDL. This is necessary becaw a very limited 
amount of discharge and coliform data is available on which to base the TMDL. Since only a 
single set of discharge values are available the assumed flow is placed at a high summer flow for 
a stream likely able to support secondary contact activities. The chronic standards me employed 
to construct the loading capacity. This is the most stringent standards of tbe three available. A 
twenty percent margin of safety is removed from the loading capacities in order to account for the 
Iimited number of coliform observations. 



3.4.5 Current Coliform Loads 

Stream Fecal Colifomld 
Percent Reduction 

8.15 x 10" (83.Wo) Mica Creek 

Current coliform loads were developed using the geometric mean and the assumed flows 
provided in section 3.4.1 and 3.4.3. Current loads were estimated with the identical method as 
the loading capacity except the geometric means of the observed values were used (Table 3; 
Appendix A). 

E colifd 
Percent Reduction 

4.42 x 10" (&l.S%) 

Table 3: Estimates of current colifom bacteria loads of Mica Creek and North Fork Mica Creek 

I MicaCreek I 9 . 7 2 ~  10" 1 5.41 x lo .  I 
I NFMicaCreek I 3.53 x 10" 1 1.43 x 10'' I 
3.4.6 Coliform Reductions Required 

The coliform reductions required are provided in Table 4. These values are the subtraction of the 
loading capacity modifid for the m g i n  of safety (Table 2) h m  the estimates of current 
coliform loads (Table 3). The resulting numbers are very large and difficult to grasp. For this 
reason the percentage coliform reduction is expressed. 

Table 4: Estimated coliform reductions for Mica Creek and North Fork Mica Creek and the percent reductions 
required 

NF Mica Creek 2.47 x 10'' (70.1%) 7.64 io9 (53.3%) 

Bacterial contamination is h m  nonpoint sources. The majority of the bacterial contarnination is 
most likely from grazing animals. The majority of these animals are on three ranches. One ranch 
is on the North Fork Mica Creek while the other two are below the North Fork - South Fork 
confluence. The entire allocation for the North Fork and the reduction required for the North 
Fork can be ascribed to the ranch to the west of Highway 95. The additional reductions required 
for Mica Creek would come h r n  the ranches to the east of the highway and the small amount of 
stock on the single ranchette. 

3.3.7 Monitoring Provisiolrs 

In-stream monitoring o€ the fecal coliform and E coli will be conducted after bacteria abatement 
project implementation. In-meam monitoring which &odd detect the bacteria reductions 
required in section 3.4.6 will be completed every two years at points of compliance at the Loff s 
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Bay Road Bridge and the Highway 95 Bridge. Two sample sets will be collected during the low 
discharge (summer) period. A sampling set will include at a minimum five integrated samples 
over a two week period. From these data geometric means can be developed. 

3.4.8 Feedback Provisions 

Data, from which the problem assessment and Mica Creek bacteria TMDL wets developed, are 
often limited measurements. If more measurements are made during implementation plan 
development or subsequently to its development. These data will be used to revised the TMDL 
as required. 

When the coliform levels meet the appropriate standard and bacteria reduction, further bacteria 
load reducing activities will not be required in the watershed. Best management practices for 
agricultural practices will be prescribed by the revised TMDL with struchrre maintenance 
provisions. Regular monitoring of the bacteria levels will be continued for an appropriate period 
to establish maintenance of the full support of the coliform standard. 
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4. Draft Response to Comments on the Coeur d’Alene Lake and River 
Sub-basin Assessment and Wolf Lodge, Cougar, Kidd, Mica and Latour 
Creek TMDLs. 

4.1. Introduction 

Three letters of comment on the subbasin assessment and TMDLS have been received. These 
letters contained twenty-three substantive and distinctive comments. In addition to the 
comments, the sediment modeling technical advisory group met to discuss the sediment model 
and to discuss any comment made concerning the sediment model. The sediment model advisory 
group is made up of hydrologist and sedimentologists from state and federal agencies (USFS, 
BLM, IDL, SCC, IDFG), an environmental group and the h b e r  industry. The comments are 
addressed in the section following with the comment expressed, the source of the comment and 
the response to that comment. Responses included changes in the assessment and the TMDLs. 
If  a comment was not accepted, the reason the comment was disregarded is expresssd. 

4.2. Substantive Commentsr and Response 

Comment I : The acute salmonid sight feeding turbidity standard was misstated in the sub-basin 
assessment, Table 3 and misapplied to Lake Creek. The text on Lake Creek 
indicates that this water body is not limited by sediment. 

Comment from: Nickolas Bugosh, Division of Environmental Quality Lewistion Field Office 

Response 1 : The acute salmonid sight feeding turbidity standard was misstated in Table 3. 
This emr has been corrected to make clear that both the acute and chronic 
standards are applied in reference to a measwed appropriate background 
measurement. The Lake Creek section has been clarified to state that the turbidity 
increases reported are referenced to an upstream background site in the work of 
Bauer, Golden and Pettit (1 998). Following these clarifications, it is still the 
conclusion of the sub-basin assessment that Lake Creek is water quality limited 
and requires a TMDL. 

Comment 2: RUSLE was used to model the sediment yield of dirt and gravel roads. The 
comment expresses the opinion that this is an improper application of RUSLE, 
because RUSLE has not been verified for roads. 

Comment from: Nickolas Bugosh 

Response 2: On the advice of the State DEQ office and the local Natural Resource 
Conservation Service (NRCS), RWSLE was used to model dirt and gravel roads 
which are county and private mads. The newer versions of RUSLE are capable of 
modeling roads composed of native soils and covered with gravel. These roads 
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should be in areas where NRCS Soils Surveys are complete. The model has been 
verified for this use. The sediment technical advisory group discussed this issue 
and was in agreement that it was appropriate to model county and private roads 
where Soil Surveys existed with the RUSLE mode1. 

Comment 3: The margin of safety (MOS) discussion section in the TMDLs is not clear. It 
reads as if the MOS should be added to the natural background rate of 
sedimentation, even though it is subtracted in the tables. In addition the need for a 
10% margin of d e i y  was questionsd. The comment noted that the model used to 
estimate sediment was repeatedly conservative in its assumptiofls. The comment 
suggested the conservatism of each assumption be quantifkd. It was suggested 
that this is an adequate MOS as specified by EPA TMDL guidance (EPA, April 
1991). 

Comment fiom: Nickolas Bugosh 

Response 3: Based on this comment the 10% margin of dety was dropped. As a part of the 
revised Sediment Model Assumptions and Documentation section (Appendix B), 
the conservatism of each assumption was assessed as a percentage. These 
percentages were then added. For the Kaniksu granitic terrane, the model is 164% 
conservative; for the Belt Meta-sedimentary terrane, the model is 23 1% 
conservative. These percentages have been applied in the TMDLS as the MOS, 
dependent on the terrane type of the watershed in question. 

Comment 4: The basic premise of the Wolf Lodge TMDL is weak because the temporal and 
spacial variability of fish and macro invertebrates make it difficult to measure a 
substantive improvement. The comment notes that no one to one or other 
relationship between biotic populations and sediment has been found. The 
monitoring plan should calculate sample size based on coefficients of variability. 
Reference streams cannot be used because of this variability. The comment 
suggests that particle s h e  distribution and intergravel dissolved oxygen 
measurements would bolster the monitoring plan. 

Comment hm: Robert Sampson, Natural Resources Conservation Service, Boise O E c e  

Response 4: The monitoring plan has been revised in the TMDLs to address temporal biotic 
variability. The 5% of the stream reach will be monitored, 1% per year over a 
five years period. This approach should address temporal variability of the biota. 
Monitoring by necessity Will be limited to the law flow period during the w m  
summer months. This fhct reduces seasonal variability. 

The comment makes an excellent point. There is no one to one or other 
relationship between biota and sedimentation. This is the reason the approach is 
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taken in the TMDLs. Despite all the issues of tempral and spacial variability, 
assessment of Beneficial Use Reconnaissance, Fish and Game, Forest Service and 
University of Idaho data on fish and macro invertebrates in the nearby North Fork 
Coew d’Alene River watershed indicates a pattern (IDEQ, 1999a) Reference (low 
impact) stream consistently have a trout population of 0.1-0.3 fish/ m2/hour effort 
electrofishing. This is a broad range 10 - 30 fish per 100 square meters per hour 
effort electrofishing. The reference streams assessed are of varying size. A 
similar range is found in reference streams in the Priest Lake watershed. 
Densities an order to two orders of magnitude lower are found on streams with 
sedimentation impacts. The use of qditative indicators as young of the year, age 
classes and presence of other vertebraks rounds out the definition of full support. 

The suggestion that coefficients of variability be developed and used to develop 
sample size is a good suggestion. Unfortunately, the current data base on any 
single watershsd is insufficient to complete a sample size analysis. The TMDL 
implementation pIans should specify that this analysis is completed as additional 
biotic community data is collected. The suggestion that particle s k  and 
intergravel dissolved oxygen wouid improve the monitoring plan is erroneous. 
Particle size is only very tangentially related to beneficial use suppor~, while 
intergravel dissolved oxygen depletion is not an issue in any of the watersheds for 
which TMDLs were developed. Pool filling by cobble and course sand are the 
likely impacts to fish (IDEQ, 1999b), while the impact to m m  invertebrates is 
less clear. Neither parameter can be directly related to the support status of the 
biotic communities. 

Comment 5 :  The base sedimentation coefficient used are too low. The sedimentation rates 
used grouped around 15 (Belt) and 25 (Kaniksu granitic) tons per year. The 
comment cites considerable information to indicate that 60 - 100 tons per year is a 
more appropriate number. 

Comment from: Robert Sampson 

Response 5 :  The model uses the sediment yield coefficients of the WATSED model. This 
issue was raised with the sediment technical advisory group. The agency and 
private hydrologists on the group were satisfied with the WATSED values. The 
only explanation offered was that the values cited by the comment were, those for 
total solids yield; sediment as well as dissolved solids. The WATSED values are 
actual measured values, which are calibrated to local conditions on the Clearwater 
Forest to the south. On the advice of the technical group the WATSED 
coefficients have been retained. 

Comment 6: Road erosion is the primary source of sediment. The comment suggests county 
and private roads should have been considered. 
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Comment hm: Robert Sampson 

Response 6: The reviewer did not have benefit of the sub-basin assessment as the Wolf Lodge’ 
TMDL was reviewed and Comment developed. The county and private mads 
were considered. Where these came into contact with the stream system, either as 
at a stream crossing or encroaching, their impact was modeled. The CWE 
assessment accounted for any mass fhilures from county and private roads. 

Comment 7: The level of sedimentation attributable to bank erosion h m  agricultural lands 
along Wolf Lodge Creek is an order of magnitude too high. The correct d u e s  
are around 30 (acidly 33) tons per year. 

Comment hm: Robert Sampson 

Response 7: The sediment delivery h m  banks placed in the earlier drafts of the TMDL were 
based on an earlier version of the model which generated higher sediment delivery 
rates and on the agricultural acreage. The model has been corrected and the bank 
erosion estimates supplied by the NRCS incorporated. The percentages assigned 
to agriculture and residences are now based on the estimated sediment delivery 
from these sources. 

Comment 8: The reviewer after viewing the stream reach covering agricultural lands did not 
find bed load to be a problem in the stream. He did not find the statement on bed 
load impacts to be supported. 

Comment from: Robert Sampson 

Response 8: 

comment 9: 

The reviewer was supplied with the TMDL alone and did not have benefit of the 
sub-basin assessment where many of these issues wefe discussed. The Coeur 
d’Alene Momtahs are deeply dissected having relative long lower gradient 
valleys, which at their heads are very steep. The Wolf Lodge Valley is a remnant 
Iake bed of an earlier Coeur d’Alene Lake. The result is that the agricultural lands 
are dong a stream of fairly low gradient. Bed load deposition and interference 
with biota by this mechanism occur above this reach. The agricultural reaches of 
Wolf Lodge Creek and especially the spawning reach immediately above 
Interstate 90 are more likely a f € d  by h e  sediment from bank erosion. 

Timber management is described as moderately intense with dense road 
development (p.5). The assessment should have a timber hawest inventory of the 
listed watersheds. 

Comment from: Mike Mihelich, Kootenai Environmental AHiance 
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Response 9: The description in the cultural impacts section was generalized to the entire s u b  
basin. The comment is correct Wolf Lodge and Cedar Creeks have received heavy 
levels of timber harvest and road development. This change has been made in the 
text. It was not deemed necessary to develop a harvest history for each listed 
watershd. These data are imbedded in the CDASTDS (USFS) and Idaho 
Department of Lands (IDL) geographic infomation system (GIs) vegetation 
coverages. The purpose of the assessment, models and resulting TMDLs was to 
address sediment not clearcuts. The Horizon Environmental hpact Statement 
information quoted was more than ten years old, while the GIs coverages are 
updated on a constant basis. 

Comment 10: Direct hill slope erosion from harvested lands is much higher than the values 
assigned. A Geomax report of 1988 indicates higher hill slope erosion. Water 
yield caused sedimentation is not addressed. The fishery in the watersheds has 
decliued in recent years. 

Comment from: Mike Mihelich 

Response 10: The expert group assmibled to advise in model development by consensus of 
those present believe the WATSED sediment yield coefficients, which are based 
on actual watershed measurements of sediment yield reflect the sediment yield of 
hill slopes after various land uses. The Geomax estimations sited are based on 
assumptions of water and sediment yield not on actual measurements. The 
Geomax estimates were made for Marie Creek are ten years old and prior to the 
harvest which arose from Horizon. When these estimates were made, the cutting 
was confined to the ridges. Current GIs data indicates the same situation exists in 
the Marie Creek watershed. 

We agree that harvest increases flow. The existing literature indicates it is the 
base flow that is increased. Flow increases during high discharge periods are 
better associated with an illcrease in the stream capture area at stream road 
crossings. In any case no quantitative relationship between increased flow or 
“compression” of discharge events and sediment yield was identified by the expert 
group. Without a relationship quantitative modeling is not possible. The model 
does identify road crossings, which could be addressed in an implementation plan 
for road sediment, road failure and water capture. 

Comment 1 1 : Description of the fishery in the Coeur d‘ A l a e  River above Cataldo is 
questioned. 

1 

Comment hm: Mike Mihelich 
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Response 1 1 : The cutthroat trout and chinook salmon fishery of the upper segments of the 
Coeur d’Aene River is well known to Idaho Fish and Game and local fisherman. 
The large river BURP results indicate the health of the fishery. Unpublished 
e-rt witness reports from the metals natural resource damage case indicates 
12,000 fish per mile in these segments. 

Comment 12: R4SI data for Skookum Creek should be applied to Wolf Lodge and Marie 
Creeks. 

Comment hm: Mike Mihelich 

Response 12: Skookum Creek is a tributary to the LittIe North Fork Coeur d’Alene River. 
Riffle armor stability (MSI) data for this and several other water bodies in the 
North Fork C o w  d’Alene River has been assessed in the North Fork Coeur 
d’Alene River Sub-basin Assessment (17010301). High RASI values indicate 
stream bed stability, but are distinctive to the watershed where it is collected. The 
Skookum Creek data would not properly be extrapolated to Wolf Lodge Creek. 

Comment 13: Residual pool volume data from the Horizon EIS should be considered. 

Comment hm: Mike Mihelich 

Response 1 3 : Residual pool volume data, where it is available from recent BURP surveys is 
assessed. The Horizon data is more than ten yeats old. Since it was developed, a 
major sediment loading event, the 1996 rain on snow event, and two channel 
forming flows, 1997 and 1999 discharges have occurred. Residual pool volume 
data of ten years ago plus is likely not indicative of in stream conditions, 
especially after the channel forming runoffs of 1997 and 1999. 

Comment 14: Simply addressing the roads in Wolf Lodge Creek will not address sediment 
pro b 1 ems . 

Comment from: Mike Mihelich 

Response 14: We agree that timber harvest activities have impacted Wolf Lodge and Marie 
~. 

Creeks. The sediment technical advisory group identified only quantitative 
relationships between road features and sediment. The model used points back to 
the road features. Implementation of the TMDL will be outlined in an 
implementation plan. The TMDL does not in any way encumber the solutions in 
an implementation plan. AIthough the model points to roads and road impacts, 
logging cessation is not in any way ruled out by the TMDL. Such decisions are 
not appropriate for the load allocation. 
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Comment 15: Several cammmts refer to the use of the model, WATSED and its shortcomings. 
Comments speak to inadequate documentation of WATSED. 

Comment from: Mike Mihelich 

Response 1 5 : The model assumptions and documentation (Appendix B) make it very clear that 
WATSED is not used to model sediment. It is made clear the WATSED sediment 
yield coefficients, both mean and range are used to model sediment from forest 
land use. The model is designed to look at the spectrum of Iand use, road impacts 
and stream bank erosion. It uses several data and model inputs to achieve this 
end. 

The model does account for episodic sediment loading both as measured road bed 
failures and estimated encroaching roads sediment generation. The mode1 does 
separate fine and course sediment yield to the streams. An estimation of the 
conservatism of the model is made in the mode1 assumptions and documentation 
(Appendix B). Applied on the Belt terne, the model is estimated to be 23 1% 
conservative. 

Comment 16: The applied model underestimates sediment yield from harvested land and the 
amount of non-stocked land in the Wolf Lodge Creek watershed. 

Comment from: Mike Mihelich 

Response 16: As stated earlier, the model is driven by inputs from Forest Service and IDL GIs 
data bases. These data bases are made current on a regular basis. The source of 
the comment information is 5 - 10 years old and most likely out of date. As 
originally applied, all clearcut lands younger than ten years were given a higher 
sediment yield rate. The sediment technical advisory group identified this 
approach as in error and indicated that only non-stocked stands should have the 
higher coefficient applied. 

Comment 17: The coment is addressed to section 2.4.1; Pollution Control Efforts to Date. The 
comment indicates that addressing roads alone will not recover Wolf Lodge 
Creek. The comment refers back to the arguments made earlier concerning flow. 

Comment fiom: Mike Mihelich 

Response 17: "he section simply lists the pollution control measures put in place to date. 
Among these is road crossing and road obliteration. Comments about flow have 
been addressed earlier. The comment wants sedimentation associated with flows 
addressed. The model addresses sediment that can be addressed through 
quantitative measurements. No measured relationship has been identified for flow 
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and sedirtlentation. 

Control Strategies. The comment disagrees with a pollution credit trading system' 
to address road problems. 

Comment 18: Similar comment to comment 17 made concerning section 2.4.2.; Pollution 

Comment fiom: Mike Mihelich 

Response 18: The section simply lays out approaches, but is not intended to exclude any 
approach to abating sedimentation. A TMDL implementation plan could identify 
harvest cessation as an approach on some or all of the watershed. A conflict in 
points of views is apparent between the sediment technical group and the 
individual making the comment. The group clearly believes roads are the major 
source of sediment, while clear cuts are believed by the individual commenting to 
be the major source of sediment. As the TMDL development agency, DEQ must 
base models on quantities of sediment loading. No measured relationship 
between sediment loading and flow is of fed  in the comment. The model 
depends on measured sediment yield rates, measured fine sediment yield from 
roads, m e m d  road bed failures and deIivery and measured encroaching road 
beds. 

The individual commenting must also keep in mind that sediment is not delivered 
in large amounts to the stream monthly or even annually, but in episodic events, 
which recur every 10 - 15 years. Actual measurements must be annualized in 
order to develop a sediment load in tons per year. This does not mean the load 
from these episodes does not influence the beneficial uses after one year. It is in 
the bed and aEecting uses for a number of years. The TMDLs make this point 
and provide estimates of how much material might be in the bed h m  the most 
recent (1996) large loading event. 

Comment 19: The Clean Water Acts interim goal of protection of fish will not be met. 

Comment fmm: Mike Mihelich 

Response 19: The TMDL sets full support of the cold water biota as the goal. It defitles full 
support in terms of age class distribution of trout, trout density, presence of other 
key vertebrates and a mcro invertebrate index greater than 3.5. Since the amount 
of sediment impacting cold water biota has not been quantified for any stream and 
not for these stream this appears the most conservative approach to the state. 

Comment 20: Timber sales are not addressed as point discharges. 

Comment hrn: Mike Mihelich 
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Comment 20: This is currently a draR regulation. It is unclear whether it will be promulgated. 
For this reason it has not been addressed. 

Comment 21 : The comment disagrees with the assumptions stated on page 2 of the Wolf Lodge 
TMDL. 

Comment hm: Mike Mihelich 

Response 21: The assumptions are 1)biota are fully supported at background levels of 
sedimentation; 2) the stream has some finite level of sedimentation above 
background at which the biota is fully supported; 3) the biota will respond to a 
level of full support when that as yet non-quantified level of sedimentation is met. 
The state, respectfully, believes these assumptions to be correct. 

Comment 22: The comment disagrees with the background level of sedimentation estimated for 
the Wolf Lodge Creek watershed citing problems with the WATSED model. 

Comment from: Mike Mihelich 

Response 22: The background estimation is not based on WATSED, but on the sediment yield 
coefficient from WATSED, which is based on measured values. The estimate is 
clearly identified as the acreage of the watershed multiplied by the mean sediment 
yield coefficient for the Belt meta-sedimentary terrane type. The estimate assumes 
a totally forested, non-roaded watershed. 

Comment 23 : The comment indicates that the Forest Service uses feedback management 
approaches and that the reviewer has no faith in such approaches. 

Comment from: Mike Mihelich 

Response 23: As reviewed earlier, clear measures of full support of the beneficial use cold water 
biota are defined. These measures are based on reference streams primarily in the 
upper part of the North Fork Coeur d’Alene River watershed. Except for wild 
fues during the early part of the 20th century, few human caused impacts to these 
watersheds exist. The goal is based on measurable values not on value 
judgements. 
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M RECEIVED 
Date: 
To: 
From: 
RE: 

26 November 1999 
Geoff Harvey, Coeur d' A1 qk%:i 
Nicholas Bugosh, Lewis$.@,., .:? 
Peer Review of Subbas' &s$ss&&t 

' .,\.- h 

John Cardwell asked that I 

allocations. The review compl&d. qfthose should help you revise the others. I marked 
coments in red as I read. Many are the sort of typos and small grammatical things that I know 
authors stop seeing after the nth draft. other comments marked on the draft are suggestions for 
improving readability. Use or ignore my suggestions as you choose and call if you want to 
discuss any of them. 

d' Alene Lake and River Subbasin Assessment. 
and Cougar and Mica Creek TMDL calculations and 1 went through the SBA, 

Your concluding sentence on page 18, paragraph two has good wording. You might consider 
using that sentence as a template for similar summary sentences. As a global comment, I suggest 
using parallel sentence and paragraph construction when writing about the subbasin streams. 

The following three comments are the redly substantive issues that I have found with the paper. 

1) The Idaho turbidity criterion is incorrectly described in the subbasin assessment. The 
instantaneous numeric value is 50 NTU und. This generally means that during a 
suspected violation, the values are measured immediately downstream of the discharge where 
complete mixing has occurred and immediately upstream of the discharge. The point of the 
exercise is to show that the stream water quality changed as a result of the discharge. 

Section 2.3.2.8. on page 20 states that, based on these data, the stream is water quality limited. 
Here the subbasin assessment says that anytime turbidity is greater than 50 " U s  we have a 
problem (regardless of whether that is a natural condition or not). 

Erosion and sedimentation are normal, natural processes. Geomorphic evidence in our region 
'suggest that these processes have been very active through the Quaternary. We h o w  that 
presently the rain-on-snow and mid-to-late winter rain events produce episodic sediment pulses 
and we expect these to be associated with TSS far above 1.4 mg/L and turbidity far above 50 
NTU. In essence, these water column data support the opposite argument, that the stream is not 
water quality limited by sediment. If the subbasin assessment has found that bedload is violating 
the sediment criterion, the data supporting that finding needs to be presented and discussed. 

&* 

that RUSLE was developsd and validated on land disturbed by agriculture. Its use may be 
probrematic here for roads because the mads are either hard-packed soil or gravel, instead of 

sediment yield is that it has no provision for recognizing on-site sediment storage caused by 

2)  R U S E  has been used here to model sedimentation of graveled mads. My understanding is 

relatively loose, cohesionless soil. One problem with R U S E  that can lead to overcsthtion of <r 4'? 
9 5  , L S  
I" 

change in slope, depressions, etc. You could incorpora& this as a reason the estimate is 



conservative, or try to estimate what proportion -modeled sediment would remain 
dd and Mica appendix, show the 

&; 
stored on the site. My quick calculations in 
modeled rates would entirely remove the 
as we have logging, milling, and wagon ro 
still around (without signs of eroding 8 

This does not seem reasonable 
not armored with gravel that are 

3) The Margin of Safety discussi ded. As Written, it sounds as if the estimate /: 

j@: 
was made conservative, i.e. m the estimated background.” Because input 
parameters have been selected c and the model output is conservative because it 
does not include on-site sto margin of safety may not be needed, as per EPA 
(April 1991) guidance. 

Additionally, I offer some help 

Geology means the science or study of the earth (earth science). rreOlo& is 
phrasing such as Belt geologies should be corrected throughout the document. 

Lithology refers to the physical character of a rock and may be the word sought in some places 
when trying to discuss a rock fabric, but not a particular rock, e.g., ‘This lithology weathers 
readily to sand.’ 

eologic nomenclature. 
h 

U 

a word. Thus, 
* 

2 

f 

+; Terrane, the area over which a particular rock or group of rocks is prevalent, is the term most 
often needed. Do not confuse this term with terrain, which refers to ‘We lay of the land.” The 

mebusedimentary terrane (Precambrian Belo with another type. 

Note that cobble is not the opposite of the termfin&). Sediment particle sizes are as follows: 

4 
k 
L 

term is used when talking about granitic femmes or when comparing the erosivity of the IL 

+ 

4““ 

/ 

mm 
Clay Silt 0.0039-0.0625 Smaller than 0.0039 & - J J  

d 9  

Sand 0.0625-2.0 
Gravel 
Cobble 64.0-256.0 
Boulder 256.0 - 4096.0 

2.0-64.0 (2.0 - 4.0 = granules, 4.0 - G4.0 = pebbles) 

The termfines is often used to describe sizes from fine sand (0.125 to ~ 0 . 2 5  mm) through clay. 
The textural term opposite offine is coarse, as in ‘Thefine fixtion (35%) is predominantly 
quartz sands while the comw &action (65%) consists of a mixture of mostly metamorphic 
boulders and cobbles, and gravels of igneous and metamorphic lithology’. I do not know how 
the term “stones” crept into the assessment for use as an opposite offines, but it is not 
appropriate either. 



United Natural Coeur d’Alene Field Office 
States Resoutces 1620B NW Blvd, Ste I01 
Deparhnent of Conservation Coeur d’ Alene. ID 838 14 
Agriculture service (208)667-2548 ’ ’ 

November 24, t 999 

Goeff Harvey 
Idaho DEQ 
21 10 Ironwood Parkway 
Coeur d’Alene, Idaho 838 I4 

Dear Mr. Harvey, 

Thank you for the opportunity to review and comment on the draft TMDL for Wolf Lodge Creek. I. 
forwarded the TMDL document to Rob Sampson, NRCS, one of our watershed engineering specialists 
in Boise and asked him to provide us with a detailed technical review. His comments are attached. 
I reviewed his coments  and fully support his conclusions. 

In addition to his comments, I have also included the bank erosion data you requested. Mark Hogen, 
Idaho Soil Conservation Commission, collected this data in the field in September 1999. Rob 
Sampson, NRCS, also field checked Mark’s data and then completed the calculations for lateral 
recession and etnnual bank erosion. The data is summarized in tables labeled “Wolf Lodge Creek 
Lateral Recession Rate Estimate “(attachd). Please let us know if you have any questions regarding 
this data. Please keep in mind that this data is field generated and specific to Wolf Ludge Creek and 
may not apply to other creeks in the Coeur d’Alene Basin or other North Idaho watersheds. 

We appreciate the opportunity to be involved in the TMDL process especially where it relates to 
agricultural lands. 

Sincerely, 

David C. Brown 
District Conservationist 

Attachments 

Cc; Rob Sampson, NRCS (w/o attachments) 
Errol Arford, Kootenai-Shoshone SWCD 
Tony Bennett, Idaho SCC 
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Comments on the dr& Wolf Lodge Creek TMDL (no date &ow) 
R W. Sampmn, 11/17/99 

General 
The draft Total Maxhnm Daily Load W L )  ahation for sediment in Wolf Lodge 
Creek was reviewed. Wolf Lodge Creek is a 62.1 mi2 tributary to Coeur d' Alene Lake in 
Kootenai County in northern Idaho. The catchment is steep (average slope of 40% 
estimated) with a base geology of belt metamorphks. The uplands are forestland used 
for timber production and constitute 95.6% ofthe catchment, while the bottomlands 
constitute 4.4 percent. All of the bottomland is privately owned and is divided evenly 
between the classifications of 'working ranch' and 'ranchette'. The forestland is 86% 
federally owned d 14% state and privately owned. 

Authorities 
Wolf Lodge Creek and its tributaries are t i a d  as impaired by excess sedimentation in the 
1998 303(d) list compiled by Idaho Division of Envimmentd Quality, Text of the 
TMDL i n d i m  there has been a sub-basin assessment completed on WolfLodge Creek 

Loading (Section 3.1.3) 
This section indicates that the excess sediment in Wolf Lodge Creek is interfering with 
the designated beneficial use, cold water biota The same sentence describes this 
impairment as primarily coming h m  large bedload pmtkles. Text indicates there has 
been no garanfrtutive m m e n t s  of the impact of excess sediment. The text then lists 
four assumptions upon which the TMDL is devdoped given this lack of my data. The 
four premises, paraphrased, are: 

1. 

2. 

At b&ground levels of sediment movement and deposition, the stream is fully 
supportive of cold water biota. 
The stream can assimilate and process sediment transport rates higher than 
background rates. Implicit in this statement is that an achievable steady-state 
condition exists, given a certain level of sediment input to the stream system. 
Once this steady-state condition is reached, cold water biota will reach some 'Ievet 

In order to linlc cold wakr biota popdatiom dkctly to sediment, confounding 
hctors such as fishing need to be accounted for. 

3. 

4. 
of full support'. 

& The background sdment rate for Wolf Lodge Creek is then listed as 15 tondmile'lyem 
t A delivery ratio of 20% is assigned and the background loading rate of 183 tondyear for 

the catchment is determined. Later, this number is lowed to 165 tondyear to provide for 
a factor of safety. 

- 0  

&$> 

Appropriate Measurement of Full Beneficial Use Support (Section 3&5) 
The text reiterates that if rates of sediment delivered to the slream are reduced, then cold 
water biota will flourish. The yardstick for this levcl of sediment delivery is: 

P 
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1. ~ofmoreageclassesoftroutwithoneyoungoftheyear 
2. 
3. 
4. 

The text then indicates that when these goals 81e obtained, the sediment loads will be 
revised. It is implied the sediment loads Will be revised to w h a m r  the (unmeasured] 
sediment levels are during the time when satisfactory measurements of the biotic 
indicators are made. 

Trout density reference levels of 0.1 to 0.3 fish I yard2 I hour of effort. 
Presence of sculpins and tailed frogs 
Macroinvertebrate biotic index score of 3.5 or greater 

I. L 
51, ad+: 

p 

Sediment Load Allocation (Section 3.1.6) 
Sediment is estimated to originate 75% (95.6% of the area) frum the forest land USG and 
25% from the agricultural land use (4.4% of the ma). Thus the 165 todyear of 
sediment are proportioned between the land uses, and in the c8se of the fortstland, firther 
proportioned on the basis of area to the different landowners. 

SimiIarly, the current sediment delivery amount of 1524 tondyear (25 tons/mile*/yeat) 
(section 3.1.7.1) is assigned 75% to the Eoredand and 25% to the agricultural land. The 
difference between the current sediment delivery amount and the background sediment 
delivery amount is the reduction goal, 

Agricultural Lands (section 3.1.7.3) 
A,separate section in the text is devoted to agricultural I d s  and concludes that the major 
sediment source around these lands is b m  stream bank erosioa This erosion is ascribed 
to riparian vegetation loss and chnelization of the stream. 

Monitoring Provisions (section 3.1.88) 
Monitoring is stratified by Rosgen stream type and indicates that 5% of the channels will 
be measured every 5 yems. Monitoring, the text states will measure the stream for 20 
times the bankfull width along the channel. Meaamments will be made to detect 
changes in the biotic indicators discussed in section 3.1.5. The text indicates that similar 
measurements will be made in 'reference reaches' in which target levels of cold water 
biota. 

Feedback Provisions (section 3.1.9) 
This section states that once the biotic indicator levels are met, no further sediment 
reduction activities will be required. It is reiterated that once these levels of full biotic 
support me met, the TMDL will be revised with whatever the mbient sediment levels 
are. 

/-- Comments 

1. Aquatic ecosystems and their reiationshQ io sediment as a stressor 
Biotic indicators, parscUrarly fish age classes and macroinvertebrate Species distribution 
and density, have very high spatial and temporal variability. Coefficients of variability of 
200 to 400% over time are common (Konditriav, 1992). Similarly, spatial variations are 

R W. Sampsm 
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common and large between habitat units and physical s t r a m  types (Le., Dunham et. d, f- 

1997). Because of this vdability, stahtid relhbility of the rnonitorhg plan indicated 
in sections 3.1.8 and 3,I.g is in question. Measurement of items that have bigh variability 
requites high sample size, or sophisticated techniques to detect change with any certainv. 
To this end, process coefficimts of variability should be estimated and published, and the 
sampling frequency calculated from these. S b l y ,  the sampling density in space is not 
clear, but seems lacking. The use of bagen stream types to stratify sampling is useless, 
particularly with h ‘catch-all’ category B (e. g., Miller and fitter, 1995). There is no 
inherent predictability of stream behaviour among Rosgen-type stream classes (e. g., 
Meyers and Swanson, 1992; Sampson, 1996). 

In addition, the direct linkage of the lack or abundance of sediment to the lack or 
abundance of fish or macroinvertebrates is absent in the lhatwe. Qute the opposite, 
response to a stressor is seldom linear or singular (National Research CounciI, 1997; 
Peterson et. d., 1992; Wooten 1990). 

Similarly, the use of reference reaches to determine salmonid densities is of questionable 
value. Salmonid abundance in Northwest mountah streams is primarily a function of 
physical stream attributes (Scrivener and Brownlee, 1989; Peterson et. ala, 1992). Stream 
physical attributes in turn are a function of base landscape formative processes and past 
disturbance regimes. In other words, streams tend to be self-organizing entities m m d  
their own history &e., Stolum, 1996). Without calibration of popuiation dynamics 
between two &s, particularly age and species distribution, no dysis-can be d e  

The exception to this strrtement could be if some analysis of principh components or 

/; ./:; 
J’? that a ’reference reach‘ will indicate how many fish should be present in another stream. I 

variance has shown the average population diskibution that occurs in some physical 
stream type. This analysis would only be valid with an accompanying 
used in the measurements and the analysis. 

- 6  
b >  

of m r s  

Given that biotic populations are hard to measure with certainty, that there is no one-to- 
one negative correlation of sediment with fish abundance or distribution, and that the use 
of reference reach information to select tbresholda is questionable, the basic premise of 
the sediment TMIIx, as a direct link to fish populations seems weak. These poor 
assumptions could be buttressed 
distribution of the existing stream sediments, and intergravel dissolved oxygen levels as a 

completed on ‘reference reach’ streams of similar slope and catchment size. Comparisons ’)‘~y 
of this information would provide a more defensible basis for grouping streams or using 
the biotic &tributes of one sham to predict what should occur in another. 

The background sediment delivery amount of 15 tons/mile2/year is unprecedented in the ‘&v 
literature. Most other published d u e s  me one to almost two orders of magnitude higher ddd  
than this rate t.g., Langbein and Schumm, 1958,360 t o d m i l e ’ l y ~ ,  Fournier, 1960, 

300 tonslmil&year~.  AI^ ofthe preceding references were calculated at aa wemge 

some extent by simply measuring gtah-s i~  
*+“’bj ’ .  percent of fiee water dissolved oxygen levels. These rneasmments could also be Fa 9/ 

q & ? W w  .a k.84 

t P  
2. Backgruund erosion rates and sediment delivery amounts 

\ 

580 tons/mil J /year; Walling and Kleq 1979,300 todmjle2&ear, Dunne, 1979,120 to 
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mud precipitation of 28 to 32 inches per year. A table from multiple sources In Dunne 
and Leopold ( 1979, specifically for catchments smaller than 100 mild,  shown no data 
indicating sediment yields below 50 tons per square mile, and very little below 100. The 
Kootenai River at Copeland averages 60 tons/mile2/ycar (USGS) and this much larger 
basin undoubtedly has a lower u& delivery rate than a smaller one. Examhmg Table B- 
5 in Bunk and MacDo~ld  ( I  999) does not indicate an average erosion rate under about 
50 tons/rnile2/year for areas dominated by rain and rain-on-snow runoff processes. 

Numbers sidar to 15 todmile2/year appear quite frequently as a base erosion rate in 
US Forest Service literature. This value was used as a hase erosion rate in the WRENMS 
(USFS, 1980) document, and similar1 transfmd to the R1/R4 model (USFS, 1981). It 
originated f k m  a rate of 25 todmile  /year derived h m  a series of two studies by Walt 
Megahan and is then modified for basic geology and these were derived from a singie 

how the data ranges well above LOO tanslmile2/year, and that sibspecific information 
should be used when possible. Although this warning is present, numbers betwe& 10 
and 25 todmile'/year are often seen as base erosion rates in Forest Service documents, 
but vdues this small are seldom seen in other sWm. Recently in a much more 
weathered hi!scape than north Idaho, measurements of on& suspended sediment ran 
between 40 and 100 tondmiie2/year (Scrivener and Brownlee, 1989). Including 

r 
publication. Reading the RllR4 publication carefully, there are adequate warnings about 

i 
' !  

bPL ' 
I p P O  

dissolved and bedload in this measurement would have increased it greatly. The 
landscape forming, long-term sediment delivery rate from Wolf Lodge Creek probably 
lies between 60 and 100 tons/mile'/year, With an mud coeficient of variability of about 
10Ph (e.g., Bunte and MacDodd, 1999). 

It would seem unreasonable to attempt to achieve ti numericd standard of sediment d2A 
r" 4 delivery that was 3 to 6 times lower than landscape formkg mte. Similarly, the estimated & hp- 

current sediment delivery rate of 24 tons/mile2/yem is not only well Within (and below) ~ ~ T Q L  
3 the expected landscape forming sediment delivery rates, but given the process coefficient 

of variability of about loo%, it is indistinguishable h m  background rates on an annual 
basis. 

3. Raacis and roud erosion 
Literature of forest erosion rates is clar on one thing: roads me the largest and most 
detrimental sediment source in fo- lands. Although many different erosion rates 
have been measured, most of the values converge around 2 pounds per square foot of 
active road surface per year (for a review see Sampson, Anderson and &Donald, 
1999) As scale increases, the apparent erosion rate decreases. Typically, an inCrease 
attributed to roads of about 0.4 pounds of sediment delivered per square foot of road is 
measured at the sub-basin scale. In this instance sub-basins are up to 3 square milos. 
Given the sediment allocation of 874 tons of sediment in the forest lands, and knowing 
roads are I primary source of sediment, back-cdcdations Indicate 69 miles of eroding 

." 

road surface on the forest. This is reasomble, given the catchment size. 
1 1  J fi--d &.b' .3 
r. b a d  erosion associated with real estate deveIopments on the private ground could be a 

significant source of fine sediment. 
% & t P  7d* 

='/ $ 
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4. Sediment suurcesfirn agricultural lands 
Section 3. I .7.3 indicates that -bank erosion is the primary sediment source from 
agricultural lands, and suggests a reduction 340 toons per year fmm these lands. Given the 
indicated stream h t a g e  of 53,000 feet, and makhg the conservative assumption that half 
of the stream length is h v e l y  emcling, there is an apparent excess streambd erosion 
amount of 0.012 tons per foot of stream bank. Assuming a 2-foot average bank and an 
in-place density of 100 pounds per cubic foot, this is a l a w  recession rate of over 0.1 3 
feet per year. This is a very high rate, particularly for a temperate climate. 

A stratified, random-designed sampling pattem measured lateral recession rates on 
almost 10% of the alluvial portion of Wolf Lodge Creek. Applying the rates to the five 
recognized stream segments indicated a sediment yield frwm bank erosion of 
approximately 30 tons per year along the alluvial section of WolfLodge Creek 
(coincidentally, the privately owned section). This measurement has an error of 
approximately el- 40% (one standard deviation, log distributed) and has an annual 
process coefficient of variability of about 100%. 

Although every form of erosion and subsequent sedimentation discussed in the TMDL b' ' 
text is for fine sediment, t single sentence in the text under section 3.1.3 indicates that P 

' 

\ 

' "I r: * c .c. 5. Bedload as u pollutant , p:f 

large bedloadpartides -are the primary interfixen- with cold water biota. As stated, this , L* I 1 
' I  .,.c . is unsupported. Similarly, there is nothing in lku& 'terature that indicates bedload is a 'L 

pollutant for aquatic ecosystems. Conversely, streams which have fkquent gravel 
replacement are o h  favorite spawning areas (Wooten, 1989), and have typically high 
intergravel dissolved oxygen. 

Streams adjust due to changes either in sediment @I& water input, or boundary 
conditions. AIthough all of these disturbance mechauisms have a certain time h e  for 
impact, most cf the adjustment is complete in one to two, or possibly thret disturbance 
cycles. For a stream that is most often a flood. Flooding has occurred in nortb Idaho in 
1996 and 1997,1980 and 1974. If the stream is in the process of assuming a new form 
due to a change, impacts may appear to be a result of direct streamside management, they 
often are a lagged response from upstream events. 

Gravel moves fairly slowly through rough, m o u n e u s  
k D o n a l d ,  1999, page 297). Average travel distances of 350 feet per year (60 to 1000 
feet) is suggested. This indicates that a disturbance such as a landslide occurring 6 miles 
above the agricultural ground may not cause a gravel-related impact in the valley fox 90 
years. There is undoubtedly attenuation in the disturbance magnitule, but the example 
shows how difficult it is to determine when the impacts of upstream disturbancm will be 
realized. 

(e+., Bwte and 

A recent field visit to Wolf Lodge Creek, including several thousand feet of stream 
examined, did not show any signs of unprecedented Mead movement. Conversely, the 
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channel form and function seemed well within the norm with respect to particle sorting, 
bedforms, and local areas of deposition and SCOUT. 

Summary and Corrclusions 
Without measurements, numerical standards are impossible to achieve. If the standards 
are result oriented, there must be a minimum of confounding factam, or we might spend a 
lot of time d money trykg to solve the wrong problem. Somehow, actual 
measurement, of suspended sediment at the least must be made. Locally used index 
procedures such as a Cumulative W a t d d  E f b t s  Assessment (CWE, o.g., Washington 
Forest Practices Board, 1995) or the BURP procedure (IDEQ, Protocol 8,1992) indicate 
where there may be probiems, but they tend to lack resolution in &mining actual 
physical process rates. 

Measurements of aquatic populations vary greettLy from year to year and place to 
place. If aquatic populations are the yardstick by which success in pollution control P- will be judged, several things in this draft TMDL need to change. *(IX A -u*- ,~ -' 

fi@y Sampling p r o m  must be statistically defensible. Process variability and all 
relevant assumptions need to be well documented. Currently, this is not the case. 

If  'reference reaches' in another &em system are needed to bolster the data set, 
enough years of calibration need to be available to prove that populations respond 
similarly in the drainages under consideration. Tbese data need to be made 
availabie, or the sampling strategy should not be accepted. 

A direct link between sediment movement and aquatic populations needs to be 
established. A surrogate, such as intergravel dissolved oxygen may be useful. 

Background, landscape forming sediment delivery rates need to be consistent with the 
accepted literature. The landscape-forming rate on Wolf h d g e  Creek is most IiIcely 
between 60 and 100 t o d d e 2 / y e a r .  

rn Similarly, erosion rates and sediment delivery volumes fiom roads need to be 
realistic. This does not appear to be a problem in the current load reduction 
recommended for Wolf Ludge Creek, dthuugh the reduction amount was derived 
from very low background erosion rates. 

0 Measurements indicate that streambank erosion on Wolf Lodge Creek is a minimal 
source of sediment. Locd erosion around bridge abutmats or gravel mining 
operations may be high, but erosion from nomal fluvial processes is low, This low 
value is not unexpected given temperate climate, low channel slopes, and relatively 
unobtrusive land uses in Wolf Lodge Creek. 

giic g p- The size of sediment that is of concern needs to be clarified. Similarly, if aquatic 
populations are b e i i  h e d  by gravel transport, some reference to research or other p+ 
findings is appropriate. If gravel introduced to the stream from the uplands is 

R. W. Sampson 
Comments 011 WdfLodge Cra& DraR TMDL 
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i 
assumed to be a problem in the lowlands, the inherent bawl time needs to be 
recognized. A field reconnaissance did not indicate any abnormalitits in gravel 
tmsport rfltes. 

? 
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Sample Sum LRR AmagcBank Length hdw Percent ChardFOrming BedPmkIe Average W 
Height Examin4 Length Eroding Width Sim -ion Average * feet fcct fat feet inehcs fi’nr fi’nr 

1 Nane o.Oo0 o.Oo0 
2 1 3.5 QW 2 500 125 25% 25 1 0.020 0.020 
3 I 4 0.05 1.8 Mw 158 26% 30 2 5  a . m  
3 2 4 0.05 1.8 800 180 23% 40 1.5 0.MO 
3 3 4 0.05 2.7 m 270 34% 43 2.5 0-w6 0.030 
4 1 4 0.05 2.5 500 241 4894 34 3.5 0.060 
4 2 3.5 0.04 2.3 600 202 3494 32 3.5 a031 0.046 
5 1 3 0.03 1 .s 280 57 2096 14 5 0.009 
5 2 4.5 0.06 1 .s 8 0 0 -  300 38% 40 3 0.034 
5 3 3 0.03 1 -6 ’ 500 80 16% 25 3 [MK18 0.017 

2 .o 5380 1613 30% 

ssgm#lt Length s l o p  LRR Erosion Erosion E m  

@/If tf p d s  tofw 
I 8400 0.0018 O.Oo0 0 0 0 
2 3600 0.m 0.020 72 6840 3 

4 4400 Ob11 0.046 201 19066 10 
5 W O O  0.0075 0.017 159 15059 8 

T d  34600 33 

3 8800 0.0034 0.030 263 24944 12 ’ 



Wolf Lodge Creek 
below confluence of Stella and Wolf Lodge Cr. to the muuth 
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P.O. Box 1598 Ctxur d'Altne, ID 83816.1598 - - 
Geoff Xarvey Dee. 14, 1999 
Idaho Department of  Environmental Quality 
2110 Ironwood Parkway 
Coeur d'Alene, I3 83814 

Dear Hr. Harvey: 

The foilowing commenrs concern rhe DRAFT Coeur C'Bicne Lake Sub- 
basin Assessment and TM3Ls. There are ais0 comments directed 
specifically for the Woi€ todse CreeK area ana proposed TYDL. 

A .  Tne cnaracterizacion o f  past iogging on the Coeur ci'Aiens 
Bacionai Poresc ,  page 5 under Z.i.2 Cuicurai Impacts, Goes nor: 
convey the accuai amount of past iogging on the  Zorest a n i  shouid, 
be rewritLen in tne ZEQ r'inai R e p o r t .  

- 

i 
 he sentence s t a t e s  " T i m b e r  management has been noderareiy r 

i n t e n s e  w i t h  iarge ciear-cut areas and &nse l o r a s t  road 
cievei opment , I t  

The Atrachments with Forest Service  daca wiii show thac the 
iogGing in t h e  Forest shouid have been described as very 
i n t c n s i v e  ana concentrated c o  a large degree in a number of 
wattrsneds and drainages on rhe Forest .  An analysis of the past 
iagging wiil show chat t h e  logging a i d  not take place uniformiy . 
over t h e  enrira Forest .  

&-+ 

Attaciment  $1 indicares that Foresz  Service riaher s a l z s  have 
ciearcut aver 5 6 , 0 0 0  acres on che Forest since i465. This amouccs 
co aver 88  square m i l e s  of ciearcucs. 
tietween t n e  years 1989 and i999, there  has been over 28,OOC 
acres, or over 44 square miles, clearcur on the r'orest ciue to 
timber s a i e s .  
Bauitionally, there has been over 75,COO acres of regeneration 
iogging char: has taken piace on t h e  F o r e s t  since i46S. This 
amours  to over i17 square miles. 

Attachment $ 2  lists the amount of regeneration and ciearcut 
iogsing tha t  has taken piace in Compartments that inciude rhe 
Fiat Creek,  Yellowdog, Steanhoar: and Cougar Creek areas on the 
Coeur d'Aiene NF. 

9 

An examination of the p a s t  Forest Service  r i d e r  sales by 
Compartment wiii indicate the  amount of acres iogged in every 
Compartment on the Forest .  zi Compartment map for  t h e  Forest will 

1 



show t h e  Compartments that have had the most i n t e n s i v e  logging, 
and the areas where the logging has been less intensive. 

The DEQ Final Report: should prov ide  an analysis of the logging 
t h a t  has Laken place in t h e  Compartments that are part of and 
adjacent to, the Woif Lodge Ck area. These are Compartments 367, 
353, 36.3, 370, and 371. The anaiysis should include the figures 
lor p a s t  regenerazion and clearcur: logging. The cumuiativc 
m p a c c s ,  a n i  d i r e c t  and indirect effects L O  t he  wacershed and, 
araLnages in Lhe W o i i  Loage ck area of che canopy openings fram 
rne iogging s n o u i i  a i s 0  be anaiyzed in tne 3EQ linai Eieporc. 

A i so ,  In Appkndix A of the Forest  Service's R o r i z o n  Resource 
Area, Final  €IS, Tabie A-i liscs the acres of p a s t  logging within 
the  Wolf Lodge Creek Analysis Area, and. Table A-i is enclasei as 
Atrachmenc 8 3 .  

The 3 E Q  Final  Resort should. a i s 0  inaicate c h a t  approximately 
2 , 9 0 7  acres of logging assoc iaEd with t h e  Hsrizon Sun timber 
s a l e ,  inciuding 443 acres of clearcuts, ace w i t h i n  the Wolf Lodge 
CK anaiysis area. 

3 ,  ?age 2 7  ?oi:utant Sources 
*:;sre IS =;?e Eo: iowlng sencencz "Excess  secii i lcntation n o s t  otrez 
has LCZ cr ig ins  ir, rcaGs deveiofrek f a r  iogglng G,' accsss to a 
u a ~ e r s k i e d  an6 bank e r o s i o n  associacec K L C ~  grazing. 
we question a3 L O  why t k s r e  is cc i nenc im ai, and ciscussion oi 
t?ie re i ease  of seuimen; and. iarger material from hiilsiopes char 
Gas Laker, piace and continues from g a s t  i o g g i n g .  
inere is no msncion oii pages 4 cr io, ol t h e  findings in t h e  
Geomax Summary Zeporr: of Woii Lodge Creek  Stream StabiliLy 
Acalysis, Jvns 2i, 1988. The Sumnary Eeporr: was prepared io= th? 
Idaho Fish  ani  &me by Dr* s o n a i d  Reichi txi i  and ~ r .  Dennis 
2 LncoiTzz. 

-. 

1 I  

* .  

-. 

- - -  

?ages 3 and 4 of the Geamax ReFort  s t a t s c  "The excess ive  seiinent 
bec.load carried by Marie Creak is noT: tha  result oi aatural 
seciiinent sources o r  h-straarn rscruitment of graval resui z'Cia?g 
from deveiognentai impact w i ~ n i r ,  t h e  studiad .reach. Logging 
Bract ices  in t h e  ugger reaches of Marie Creek and its tr ibutar ies  
havz ielr: mucn of the upper watershed t ree l e s s .  Figure 1 shows 
cne reiationshig betlrieen f o r e s t  cover and watar y l z l d  and runoff. 
trecipitation faliins oa cleared mouctain slopes causes i m e d i a t e  
erasior, during heavy rainfall and further e r o s i o n  during sprins 
snowmelt. This eroded rnateriai is carried into Marie Creek and 
substantially increases i ts  vaiume of transported secinent. 
A i s a ,  from page 4 "The  s h o r t e r  runoff period for arecipitation 
ialiing on barren 3 l w e s  can c ~ e a c 2  fiash flood condicions in 
eireans fed by  the runoff. Snorrer rur?ofi  periods produce higher 
aeak runoff voiumes whick are decrimentai to stream channels. 
Tnesa high volume fiows travei  at relativeiy high veiocity w i t h i n  
t i e  channel and, therefore. possess the k i n e t i c  energy xhich 

H 

1 
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causes excessive erosion. The effects of ci'ear cutting practices 
on tne bedioad condition of streams is twofold: 1) The bedload is 
increased iron eroded. material from barren slopes carried b y  
runoff, and 2 )  The jsdioad is Izcreasad from  erode^ bank aild 
channel material caused by increased peak runoff volumes." The 
DE2 Final RapOrt should includs t h e  statements and analysis 
c o n ~ a i n e d  in the Gsomax Report. 

-- :~ ' le i '~  is a i z s  iengthy CSS/EPA anaiysis of the effects of ioggins 
r t i a z ~ c  to f o r e s r r y  activities, including sediment 2roduction. I 
nave enclosed t h e s e  comments as Attachment #4. A f e w  porcicns of 
che CS~/EZA anaiysis is contained in ?art 3 oi o u r  cormenEs. 
- ,-age ii discusses high  temperatures in the  i t i v t r  in reiation t o  
i i s n  a o p u l a t i o n .  Ijesaite the h i g k  temperatures, i c  is s:ateci 
tha: Lrouc a n u  saimon arc easily o b s e r v e d  along ~ i e  upper reask 
GI chc R i v e r .  is tiere daca as to how many f i s h  "xzre easily 
Cbservtd' '  in t h a c  section of t h e  River? Was the  f i s h  couc: cormal 
f o r  c hac area. b e l o w  average or above average? A i s s ,  have there  
%sa a z y  concern5 exaressed b y  prgfessiona: F i s h s r i e s  Siolo~lsts 
regareinc t k  hi5h temperatares ia t h e  River?  The DE? Z i m i  
i;,aporc s'nouic ad6ress these  issues. 



thru IC of a 1993 Forest Service Monitoring'Project Summary that 
is found in the Paninandie Basin S t a t u s  Report of 1994, section 7 .  
?his report i s  Attachment # 6 .  

1 

-. 
X L Z ~  report was w r i t t e n  by t h e  IFN7 Forest Fisheries Program 
Xanager. The data and findings in the Monitoring Summary shouid 
be inciuded in and analyzzd i n  zhe DE3 Final R e p o r t .  

The findiAgs on page 5 2  s t a t e d  "Timber harvest  ana associared 
road consrruccion appear t o  be t h e  dominate land disrurbing 
a c t i v i t i e s  to vnich the observed shifts of habitat types and loss 
O E  poci voiume and depth can be actributed. The r e s u l t s  of these  
daca suggest thar: watershed r e s t s r a t i o n  activities islay hava t.3 
r a k e  p r i o r i t y  o v e r  harvesr: activities in watersheds where cbannel 
stabilirp is the  over -r id ing  Consideration relative t o  restoring 
the  ghysical and biological i n c e g r i t y  of the  aquatic ecosystem 
and cha t  changes in harvest techniques and road density and 
i o c a c i o r ,  m a y  be nee(i(edj  c a  be incorporated into a l l  future s a l e s  
= J  nai~cain or impr.sve channe; stajllity and f i s h  habicat. 

; 

f \," 

.I 

Due E Q  t h e  fiaws in  he aokei, i~ I s  highly quesLionahle as t o  
wirethe:: the  data given on gage 2 5  ar?d 29 is accuracc. The 2 . Q  
3ifial i ieport needs to aedress the issue cf how much materiai is 
a c t u a l i y  keing releassd fron t h e  Cillslcpes in che wazsrshecs m 
ths Fares', that hzve bean keavily logged and ciearcut. 



came before i t p  WATBAL, are supposed to be s t a t e  of the a r t .  
WATBAL has been in existence for over 20 years and WATSEP for 
aver  10 pears. 

Regarding sediment routing and t 3 e  WATSAL model, gage 15 of the 
1 9 8 9  Technical liser Guide s t a t e s  "Is is recognized t b a t  this lack 
of accurate stream routing and insufficient r e c o g n i t i o n  o f  st rca in 
dyaazics 15 t he  weakest and. as a critical eierneizt must 5 c  Fiver ,  

1. - - _  ~ r i c r l s y  in fc ture  deveiogmects .  



approximately 1,224 acres of Bast clearcuts from Forest Service 
timber sa le s .  Since a majority of these clearcut acres have n o t  
recovered hydrologicaily, these acres should a l s o  be considered 
a3 being unstocked. The approximately 1 , 5 6 4  acres t h a t  have a l s o  
been lagged by the 3 o r i z o n  S u n  tiinber sale c o c t a i n  a significant 
numbe: of f o r e s t  acres that are unstocked. 
ml" ;&&e wide d i s g a r i t y  as to what is the true number of acres  t h a t  
a r 2  unstocked at t h i s  time in t h e  W o l f  Lodge Watsrshed needs t o  
ke addressed I n  the DE(! Final Zosument. 
3ata shou l6  aiso be su?aiie.', t h a t  wlll indicaLz t h e  number of 
acres  :kat kave been ciearsuc i ,*r  and adjacent to the Cedar i?k 
6rainage from Foresc  S e r v i c e  timber sales. 

4??pendi:c :Z Sed Y i e l d ,  page 1, Wolf Lodge Creek Sedimenr: Yield, 
and Export  Eudget from Land Use-Types. 
d z ~ g u r e  of 4 tuns I s  G i v e n  f o r  Unscosked F ' o r e s ~ s  ia the three 
uatersheks. 3us to t h e  fiaws I n  the  WATSED model ment-igned above, 
xii ~ k z  r;sest, ixis sur rounding  t h e  true number ci t;r,sr:oc!.:& acres ._ 1,. 'sbcsz xatershe6s. t h e  f i 5 ~ r e  of 4 t o n s  is not crsdible. 

* .  

*rm C h a s t e r  3, Chalzpcs in Fic;r,  on page 9 2  i t  is s c a k e 2  11 Ciiacc;ts 
in s i z e  sf Seak flows can t a v e  imaortant imglications =or tLe 
s:zhliity of tire st rzmi  ciaxnti, size a d  quantity of t h e  5 e l  
matsrial , and sediment trarrsporr, r a t e s ,  
w.A ;?age 35  cf  Chay?ter i i ~ ,  L E  is a l s o  s t a t e d  ''PsaX flows have 

*I - - -  . 
4-. ... 





On page 4 6  under Forest Erosion it is stated "It is difficult t o  
identify which activity is most responsible €or erosion and 
sedimentation problems at the basin level. Logging-related 
a c t i v i t i e s  ( f o r e s t  canopy removal and roading) are likely a 
primary cause of erosicn and sedimentation in rhe areas of the 
basin where these activities occur Iprimariiy the fiaper R i v e r ) .  
Logging reiated a c t i v i t i e s  may also contribute to increased 
c h a m e l  e r o s i o n  and, sedimentation in downstream areas due t o  
'Tydrcriogic c5anges in the basin. I t  is eas i er  to identify the 
causes a t  a smaller subbasin or tributary level. In tributaries 
sccb as Cougar, Steamboat, Yellowdog, S i g  Elk, and T e e g e s ,  it is 
e a s i e r  to i s o i a t r  logging as a prirniry cause 0 4  s r o s i c n  and 
sadisentation. h d  Logging-related a c t i v i t i e s  p a s t  and present  
may bs responsible f o r  at: !sasc half tho e r o s i o n  and 
stdimentatian problems In the  Coeur d'Aleze R i v e r  zasin. 

11 *t 

3 11 

..* ~ O T S  logging w i t h  i i o r e  canooy openings will not a l s o  address 
Zroblen of rgin on snow events in-tht areas t h a t  have already 
keen heiviiy Iss.,--?,c?, 526 x x c z  5 ~ 1 : i  cct Y Z C O V B T  hydrclogicall:r 
Ear anorher 49 years or longtr. The following statement is also 
iroin t he  callis S t e w a r t  :A. Segarding t h e  rain afi sr?ow m d e i  "The 

'nisdsl docs not allsx f c r  recovery of rain-on-snow untii 40 years  
aL:br I .- - barvasz, az -*hick ps'rlt  -- t h e  stas< is cocsigered eqiF;-+lert 
to a p a r t i a l  harves: ~ n t l l  63 years.-The raiz-ar i -saou recoverr is 
?remised on cbservations char: sxisting cleazcuzs 4C y e a r s  9: 
clder Go T-oz see3 to be accumulating an6 re ta in ing  snow as muck 

' 1 s  i i o  ;he :rounger = l o t z - ~ = s  ( E .  L c s s ~ . o n  a ~ d  5 .  zusseil; I d a h  
ranhanulz National ? o r e s t s ,  pers .  corm. ; as wei; as informaLion 
i r m  tschnical lirerature, i.e. Iiarr and C o f f i n ,  199i.).** 

... . .  . ... 

- 

no: address the  full range of watar related groalens in the W ~ , l f  
~ c . i g e  ~k area. These sroblams in t h e  wold 5;odgz 12 airis =id 2isc 
or, t h t  Fores t  icciuae hydrology and, bedload movement problems, 
t h r  co~tinued eesrrus t ioz  of i m p t i r t a ; r ~  f l s h z i e s  habitat, and 



- *  riooding in the Basin. These problems are completely ignored with 
a TMZL aimed exclusiv@ly a t  roads. 
Tbe Clean Water ACE'S iCWX) goal is t o  rastore arLJ mainrain the  
chemical, physical. and bioioglcai i n t e g r i t y  of tine Nation's. 
;raters.  An i n t e r im  goal of the A c t  is the 2rotection and 
propagation of fish, shellfish, and wildlife. The requiremencs GZ 

AML'L. u1-3 3. roads  - - -  
tke CWA f o r  protecLion and sropagation u f  fish will . .  n o t  be met 

' C .  



mentioned and the reduction target completely overlooks these 
projlems. There is also the related i s s u e  of two new timber sales 
being planned in t h e  Wolf Lodge Ck area. Search f o r  HoriZon and 
Horizon ~ o o n  each are expected t o  log over 3 MMaF. Both sales 
wiil. have more canopy openings, Search f o r  Horizon alone will 
have over 40 more iogging units. The 2 r o o s e d  roaC! TMCL with more 
lagging continues with a business as usual approach to the watzr 
zz.2 f i s h  probltns in rne Wolf Lodge Ck uatershcri. . . .  

t 

c 



United States Forest Idaho Panhandle Silverton OfIlce 
Department of Service National Forests ' P. 0. Box 14 
Agriculture Silverton, XD 83867 

Coeur d'Alene River 
Ranger Distrjct Fernrn Oflice 

2502 East Sherman Avenue 
Coeur d' Alene. ID 83814 

Mike Mihelich 
Kootenai Environmental Alliance 
P.O. Box 1598 
Cowr d'AIene, ID 8381 6- 1598 

b a r  Mr. Mihelich: 

File Code: 1950 

Date: October 23, 1997 

RECEIVED 
DEC 1 5  1999 

i DHW-DEQ 
Gcaur d'Alene Fie1 M c e  

The following information is provided from the Timber Stand Activities database in response to your q u e s t  date 1 
September 6, 1997. 

1. Approximately 70 1,166 acres of the Cocur d'AIene River Ranger Dismct are classified as forested. 

2. Approximately 74,9 I 1 acres h a w  had rcgcnention hawests from 1965- 1996 on thc Coeur d'Alene River Ranger 
Districr. This incIudes c k m u .  scedtree. selection, sheltcnvood, and Iibention ban-ests. 

I 

3. Approximately 56.439 acres were clearcut harvested from 1965- f 996 on thc Coeur d'Alene Rivcr Ranger District. 
During the same period. salvage logging occurrcd on approximatcly 57,960 acres. and sheltcnvood hamcsts occurrcd on 
approximately 1 1.070 acres. 

4. Approximately 14,889 acres wcrc clcarcut harvcstcd from 1963- 1969 on thc Cowr d'Alene River Ranger District. 

5 .  Approxiinarcly 13.049 acres wcrc clcarcut hawcstcd from 1970-1979 on thc Cociir d'Xlcnc River Ranger District. 

6. Approximately 17.287 acrcs wcre clcarcut harvcstcd from 1980-1 9S9 on thc Cocur d'AIenc R i m  Rangcr District. with 
opproximatdy 1 1.2 14 acrcs clcarcut liamstcd from 1990- 1996. 

7. Between 19SO and 1SS9, clcarcut hamst  occurrcd on 969 acrcs in Compannicnt 13s; on 1.276 acrcs in Cornpartmcnt 
139; on 336 acres in Compamcnt 140; on 13 I acres in Compartment 14 1; on 820 acres in Compartment 142, on 469 acms 
in Compartment 143; on 180 acres in Companment 144; on 1,580 acns in Cornpartmcnt 145; and on 14 acres in 
Compartment 146. Beween 1990 and 1996, clcarcut harvest occurred on 128 acres in C o m m e n t  138; on 72 acrcs in 
Compartment 139; on 127 acres in Compartment 140; on 0 acres in Compartmcnt I4 I ;  on 435 acres in Compartmcnt 142, 
on 0 acrcs in Cornpartmcnt 143; on 479 acm in Compartmcnt 144; on I O  acrcs in CompYtment 145; and on 96 acrcs in 
Compamncnt 146. 

8. Between I980 and 1989, clearcur harvest occurrcd on 0 acres in Compartments 3 13, 319, 335 and 346; on 57 acms in 
Cornpartmcnt 320; and on 285 acres in Compartmcnt 357. Between 1990 and 1996, eIemut bawcst occurred on 0 acres in 
Compartments 3 14.3 19.320, and 335; on 1 1 acres in Compartment 346; and on 192 acres in Companment 357. 

You also rcqucstcd infomation rcgnrding the amount of timber voIume rcmoved from the Cocur d'AIcne Ranger District 
since 1965, and sincc 1980 in spccific compartments. Our dahbax rccords do not contain this information. 

J2d7%L-b4*iCt/VLJ 
sus A N ~ E H E B  E R - M A ~ E W S  
District Ranger 

Caring for the Land and Serving People 
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United States Forest Idaho Panhandle Silverton office'': 
Department of Sewice National Forests P. 0. Box 14 
AgricuIture Silverton, ID 83867 

Coeur d'illsne River 
Ranger District Fernan Office 

' 2502 East Sherman AvenMe 
Coeur d' Alene, ID 83814 

Compmicnt f :  Acrcs 

13s 9,992 
1 j 9  11,471 
1-10 4,757 
I4 1 4,635 
142 8,637 
143 7,610 
I44 5,867 
14s 8,662 
146 4,061 

File Code: 1950 

Acres of Acres of Clcarcut 
Regmeration Harvmrs 

3,119 2,672 
r4,87 I 4,348 

8 15 S l j  
1:1 131 

2.968 2,5 14 
4,l IS 2, IS7 
933 898 

3.439 2,116 
241 137 

Date: November 7,1997 

1SI 

- Mike Mihelich 
Kootenai Environmental AIliance 
P.O. Box 1598 
Coeur d'Alene, ID 83816-1598 

s.92 1 585 37s 

Dcar Mr. MihcIich: 

The'folIowing information is provided from the Timber Stand Activities database in rcsponse to your request dated 
November 1, 1997. 

Plcasc notc th3l undcr sonic rcgcncntion mcthods. a sccond trcatmcnt may occur on tht  samc aercs. For cxaniple, a 
shcltcnvood is 3 rcgcncnrion hanest mcrhod in which somc of thc trees remain following initial hanest to suppIy sccd and 
shcltcr for rhc remaining srand. Find rcinovd of thc shcltcnvoad trccs may or may not occur following rcgcncrmion 
csrablishmcnl(5 IO 15 pars) .  

If you havc additional qucsfions, pIcasc fccl frcc to contact cither S t c w  Batcman or MC at 769-3000. 

District Rangcr 

Caring for thc Land and Scrving Proplr , 
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Table A-1. Past Harvest Openings and Recovery Sfdus by Rosourco. 

WAR OF 

~ 

67-202 11 1977 Clearcut 

- waas _-.-.- 4 1  .--.-- 1977 Clearcut 
67-303 5 1977 Permanent 
87401- 3 7 -  - 197) - Clearcut 

1 . 1 . - - - 1  67-802 70 1972 Clearcut 
67.70 1 52 1Q?!-,- Clearcut 
.- 67.702 --I 50 1974 Clearcut 
67-705 - 9  I Clearcut 
a 1 0 1  57 1974 Clearcut 
6 8 1  02 34 1 974 Clenrcul 
68-103 . 8 1974 Shelterwood 

61-204 11 1977 Cteareut 

-- 

--.-..-I__ 

-..-- 

88402 9 1Q66 Cle arcut 

69-105 15 1970 Clearcut 
t 
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3. 

INTROOUCTIOH 

CHANGES 1N FLOW 

C h q a  in Ihc sizc of @ flows, thc dixhwgc ar low 
flows, or annud waler yicld usudIy arc no[ considcd as 
wawr quaIily pmmckrs. NCVC~~CICSS. forest hmcst, m d  
building, and olhcr mannagernen1 acdvirics wn m u l l  in 
subsranria1 changcs in thc volumc and Liming of nrnolf, and 
lhis has long been a sourccof public conccm. Changes in Lhc 
size of p k  ff ows can have irnpomni implications for thc 
stability of Ihc s m  channcI, size and quantity of thc M 
match1. and scdimcni tmnsporl mm. An i n e m  in low 
flows g c n c d y  will rcducc pxk Summcr lcmpcnturcs and 
i n c r w  rhc availablc fish habitat. Changcs in watcr yicld 
typpiwlIy arc tw small tll bc mmurcd, but in high clevation 
basins wirh cxtensivc hydmpwcr dcvclopmcnt rhc t h -  
rctiml i n c w  in watcr yicldean havcsubstvltislf cconomic 
value. In some anxu Ihc cvalu3tion of cumularivc e k t s  is 
b a d  h g J y  on b c  cstimacd capability of rhc sum 
chnncl 10 accomrnodau: an i n c m  in discharge. 

n o w  pyynctcrs wcrcinciudcd in h c  Guidclirresbccausc 
olthcirplcntidsscnsitiviry toforcsirn~ascmcni~criviucs, 
kir rclarionship to dcsignaicd USCS, and gcnml pubIic 
conccm. Evcn if a flow pammctcr is not expliciily includcd 
in amoniron'ng projm, dischargemmsmmcnLsarcnccdcd 
IO inrcrpm other data, such as turbidity and conductivity, 
and to calcuhtc the total flux of nutria&, scdimcnt, and 
olhcr maicrials king m s p d  by smrns. 

In summay, the patterns and valucs of discharge are 
hportant chnractcrisiics of fomst strums. and thcy intc- 
grate all thc dilfcrcnt cffccts of spceifrc managcrncnt 
activiucs on thc hydrologic cycfc. Mainmining favonblc 
condilions of flow was nn impomntjusrification for cswb. 
lishing the National Forcst syskrn. and his conccm pcr- 
sists to thc prcscnt day. Forest managcmcnt acdvitics can 
allccr dischargc lhrough a variclyof Individual proccsscs. 
and h i s  chapicr rcvicws LhC h W  pmmcicrs of grcatcn 
conccm. 

3.1 - I N ~ R E A S E S  IN THE SQE 
OF PUK FLOWS 1 

Definition 
Pak flaws rcfcr to thc instanmcous m s i m u m  dis- 

chargcassDchtcd whh individual smm wsnowmchcvcnts. 
The diversity of climatcs in EPA's Region 10 m a s  Iha~ 
pcak no ws can rcsuIt from several diffcmt types of cE- 
matic cvcnts. In thc low-lying, cwtal basins in r h ~  hcific 
Northwcst. forcxmplc. winumxirifall is LhCpcimrycause 
of @c flows. In many of Ihc higbcr-ckvation and interior 
ams, p k  flows an: gcncralcd by sping snowmclt Other 
possibtc causcs of p k  now cvcnts arc summer thundcr- 

may bc lcss common and lcss prcdictablt, bui in c d n  
bvins Lhcy may k rcsponsiblc for thc 1argcstrunoUevents. 

Many basins m y  be expod IO more than one c a u s  of 
p& flows. For cxmpIc. spring snowmelt may genetaw 
Lhc pc3k dischargc in most ycars for a givcn basin. bur I S  
common rain-on-snow evcnts may bc responsible for the 
largcst dischugc cvcnh Pdction of the e f k w  of forcst 
managcmcnr on Lhc sire of peak n o w  is complicated by h e  
fact ha1 fomt management will havcquik diffcrcnt effets 
on thc sizc of pcak flows dcpcnding upon whelhcr h e  peak 
flows arc causcd by spring snowrncl~ high-intcnshy 
aoms. or nin-on-snow t v c n l ~ .  Thccffect of form harvtsr 
and orhcr managcmcnt activiucs also will vaiy according Io 
ractors such as thc type of yarding (tractor or cablc), the 
icnnsiry of skid d l s  and landings. mil type, and Sod 

moisturccontcnt. Prcdicrion of Ihccffccmf managcmcnt on 
h c  sizc of pcak flows lhcrcrorc quires  (1) hlowlcdgc of 
JIC cIirnamiogicaI cvcnE h r  cam h e  p ~ a k  nows in 
m i n  or inrcresl, (2) specification of thc peak flows of 
onccm (c-g., thc rncm mnud fld ormomxucrnccvas  
ucb as t h ~  50-ym n d ) ,  pnd (3) m i f i e  knowIcdgcon 

S h O W ~ ~ d & - ~ - s ~ w c ~ n t S .  BolhOlthcsebttcrwtISS 



Relation to Designated Uses 

unmble bbd will d u c e  pcn'phytOn and invenebnte ptp 
1 &!ion (Hyncs, 1970). The S h  of p k  k w s  also is h- 

pmant in d m i n i n g  the st3biIity of hrge w d y  dcbris 
& rhc mtt of bank erasion. Increaxd bank erosion and 
c b m l  migration wiIl a f k L  fhc vegwtion and 
alter th amoun~ of activc d i m e m  in rhc s m  chnnd. 
periods of high flow also arr: periods of bank building and 

- deposition on x t ivc  floodphins. espcCidly in m with 
dcnnse riph vcgctarion. 

flows from Ihc fml fourrunoff p- 

. incoming scdimcnt will hctp dctcrminc whcrhcr lherc is 
deposition or crosicn wilhin Iht active SUWJYI C ~ I I C I .  Thc 
rel&mhip beiwca sediment load and scdimcnt m p o n  
Capacitywitl allcctrhcdi~burionofh3biwtr~.channcl 
morphology, and W maluid ~ C I C  siu: (Chqicr 5). 
I n c r d  sizc ol pcak flows duc to urhiwuon h v c  bocn 
Shawn tocausc rapid chvlncl incision and scvcn: dcctinc in 
fsh habioi qualily Q BOO^, 1990). 

A chmngc in thc sizc of pcak flows can haw i m p m n t  
Comqucnccs Tar human Mc and propcny. S r r u c ~ m  such 

- aS bridges, dams, and lcvocs arc dcsipcd aceotding to a 
Pmrncd disuibuum of pc3k flows. If thc skc of pcak 

+ flows is i n c d .  his could rcducc thc facror of s3lcLy and 

P@Sconse to Management Activities 

: Forest mmagcmcni activities can incrwsc thc si7z of 
flows by a varicty ol rncchmisms, and lhcsc incIudc 

W-building (duc 10 borh Ihc irnpmious surfam and 
thc interruption al subsurfxc 1atcr;ll now): 

**, rcdilction ofinfilmtion n~cs and soil moisturcstongc 

3. W U C C ~  rain and snow inrcrccption ctuc lo rcmovd or 

; 

." capacity by compaciion: 

Measurement Concepts 
C " W t r a n  spi ra L ion; 
i n c r ~ ~ . t ~ c i  r m  of snowmcll: and 

Pcak news can bc idcntificd cidicr by caniinuous iim- 

surcmcni olsugc ( w m r  surfxr clcvadon) or by Ihc uy: of 
c m t  sugc rceocdcrs. Usudiy sugc is convcncd u1 dir- 

Thus in the abscnu: of rain-on-snow ewni,.be most , 

dramatic changes in Ihhe of p k  flows an: obscwd in 
& S m d k  Slt>rmS aUtllmn Or earIy winter, when 1 ~ ~ s  
prccipiation is n m c d  to rechargc soil moistwe (e.g., ~m , 
el al.. 1975; Ziemer, 1981). Forest managemeni activities 
can have a rchtivcly ncgiigible effcci on thc peak flows 
associalcd wilh major floods if very litue of &c mrchmmi 
has tnxn subjcclcd to compmion or convtficd to an impcr. 
vious surkc. 

Tha tffcm olforcst management on p k  flow size uc 
qui= diffcrcnl whcn thc I ~ g c s l  floods ;ue caused by rain- 
on-snow cvcnu. In thcsc -, forat man3gerncnr-by 
increasing snowpxk accumubtions in opcnings mnd in- 
c m i n g  hc me of snowmclt in ctwreuts and young pIm- 
utjons ('BCrrir and Ham. I987)-an incrcvc thc sizc of 
pxk flows in majar flood cvcnfs. 

Thc cffccu of f o r a  mmnagcrncnr activilics on Ihc sizc 
af pxk flows h w c  k c n  siudicd in B numkr of paircd 
wawrshcd cxpcrimcnts in Ihc Pacific Norrhwcsl md clsc- 
whcrc (c.g., Ham. 1983; Boscb and Hcwlctl, $982). In  mosL 
:ms fotcsr h m c n  has k e n  round IO i n c r m  rhc rnagni. 
.udc al puk flows, and his has k n  aivibuccd LO soil 
listurbmcc rcduciilg infilmtion and subsurfxc stormnow 
:Chcng ct al.. 1973, chmgcs in shon-Icm snow accumuh- 
ion and mclt (Hm and hIcCorkon. 1979). and mil com- 
nclion (Hm ct al., 1979). 

A fcw swdics have shown no signitcam changcs in thc 
rqucncy or rnagniludc of pcak flows (Hm. 19SO; Harr CI 

11.. 1982; Wright ci 31.. 1990). ln onc cax Lhc abscncc ot an 
ncrctsc in h e  s i x  of pxk nows was duc 31 J C ~ S I  in p w  IO 
, rcduction in fog drip; onc must also m u m c  thcrc wzs 
ninimd soil compaction and soil disturbancc. Thc lcsson 
rom h e x  studies is th3t fora1 mamgcmcnr cm h 3 v ~  3 
aricty of inrcrachg hydrologic ClkCU, md rhc sum of 
ncsc cflccts will dcicrminc whcLhcr ;m incrmsc in [hc siec 
I pxk flows is likely (Iim ct al.. 1982). 



Part II 

charge by pcriddidly S U n ’ C y h g  the StrC3m cross-scetion 
and mcasurhg s m m  Wlocily 3t various walcr surface 
cIcvations. Thc cdculamf dischug!: is thcn plottd againsr 
snge looblainaraungcurvc(Buc~jmanandSomcrs, 1969). 
nc convcsion oistagc to d i x h p c  is n d c d  in otdcr 

LO csublish a quantirauvc rclationship bctwccn pxk flows 
in two or morc basins. Chmgcs in thc sizcofpwk flowsmn 
rhcn bc dctcctd by a changc in this rchtionship. Dkcct 
comparisons of stagc hcights bctwccn basins i s  not appro- 
priatc k a u s c .  b c  rclationship b c t w ~ n  ~ m g c  and discharge 
is uniquc lor a c h  lomion and may change over lime as he 
c hanncl crocks. aggndcs, or shifts IaLcnIly, 

Thc cornpison of dischwgc from similar. adjaccnt 
cjtchmcnts is rhc mosmnsitivc ~ C M S  la dcmt chmngcs in 
thc,sircof@fIows. Usuallyatlc=t3 ycrrrsofmlibntjon 
dan =e nccdcd IO esublish a rchtionship capablc of prc- 
dicting aboul70-$5% of h c  varimcc in diohxgc. A pro- 
podomI1y longer cdibnlion pcriod will tc nc&d IO a- 
~ b l i s h  a valid suLisLiw1 rclationship for p k  fiows with 
longcr rccurrcncc inlcrvals. Thc prc-disturbmcc discharge 
relationship is lhcn usd 10 dctcrminc if thcrc is a sutisti- 
cdly signiftcm cbngc in dischugc duc to rnanagcmcnt 
aciiviucs in onc olthc mchmcnts. 

An a l m ~ a t i v c  LO h c  prrircdsachrncnl approach i s  to 
rcI3Lc Ihc swgc or dixhargc at onc I m l i o n  [o prccipiwtion, 
and lhcn 3sscss how Lhis ~nT~I-runofrrd3tionship changcs 
with n3nagcrncnL Thc difficul~y with Lhis rcchniquc is th3f 
rainfall-runoff rnddds wc rclativdy crudc, and rhc unccr- 
uiniy ~sociaicd wirh rainfall-runoff moddcl prcdic tions 
gcncnlly incrcws wilh incraing  dischugc. This unccr- 
ujnly ~ h c n  m*cs i~ vcry difficult to idcndfy achmngc in hc 
sizc of p c S  flows duc LO managcmcnt xt iv i t ics .  

Dirccr rncasurcmcnt or pmk flows c3n k obwincd by 
continuous mcasurcrncnu of wirer lcvc l  or by crcsI-smgc 
rccordcrs. Continuous musurcrncnl of dixharpc usually 
rcquircs consrnrcting~stiI1ing wclland csublishingasugc- 
d i s c h q c  rchtionship. This is rclativcly cxpcnsivc and 
rquircsocontinuinginpu[ofsralflimc~ochcckon rhcstqe 
rccordcr, csoblish 3 sugc-&hargc rdationship, and mns- 
lorn h e  sugc d30 to discharge. 

Crcsl-sugc rccordcrs m much sirnplcr. 3s Lhcy only 
rccord ihc mxsirnum w3icr lcvd. In thc abxncc of a sup 
dischqc rchtionship, thc values may lx difficult to inlcr- 
pra,as chmgcsinchmnci morphologym drcrrhe obscwcd 
c n s ~  from cvcnu with idcnticd p k  dixhqcs .  Typical 
crcst sugc rccordcrs consist of vcnicl 1 u k  condning 
powdcrcd cork. Smdlhoks in thc lubcallow wakr 10 c n t r  
and h v c  thc crcs~ gagcs, and 3 ring of pwdcrcd cork is lcft 
3~ Ihc hi&hcst waLcr lcvcl occurring bcrwccn obscrvau’ons. 

A major problcm i n  monitoring chingcs in the sizc or 
p k  flows is thc infrcqucnl m u r c  of high flow cvcnls. 
Hcncc nrnplc SKU arc smdl, and Lhc capbiIiLy 10 dctcct a 
~taiisuci1Iy s i p i f i c m  chmngc i s  low. For [his reason mosi 
rxscurh sddrcssing cha~gcs  in p ? k  flows hivc  k u s d  on 
runoff c v c n ~  Lhit occur scvcrd ~ n l c s  u c h  ycar. bfonitor- 

cI 

; 

ing change in thc shc of peak flows 
with Iongcr murrcncc intervals is mu 
5-ym storm, for exmpfc. only has a 20% c 
ring in a givcn ycy. and.oniy B 67% chanu 
wihin a spccificd 5-ycypcriod. Hcncea very 
lion pcriod is nwdd for thcsc r m r  cvcnu, 
harvcst monitoring period is l imi ld  by &e 
rccovcry of h e  silt to pre-hamcst conditiom, 
r~sonchangesin~csizcofthclargcr~flows 
cannot k rncaswcd direcdy. 

Monitoring chmgcs in Ihc size of p ! c  now 4 
limilcd by h e  cost of csoblishing and mainching su 
to rncxuc pcak dixhwgcs. CanihuousIy =ording 
ing stalions arc rcfatively cosdy. Discharge rncaswc 
during high flow events rquirc somc acccss to thesi 
a smcturc from which onc can d c l y  masure vel 
Crcst-swgc rccordcrs xcrclativcIy sim 
but thcy havc a much lowcr sensitivity. 

Standards 
No standards rorchmgu in thc siZ 

b x n  csmblishd or propascd. 

Current Uses 
The difficultits in dcmmining chmge in thc sizc or 

p k  flows mMns h~ lhis p m m c w r  is rarely includcd in 
mosL moniloring projccrs. ficvcrlhcl~s, p~cn t i a l  chmngcs 
in thc s i x  of pc3JE flows un k an im 

, -  ___.--- -- 

r0rW rnmgcrncni ( G n n ~  1987), p3nieululy in arcs sub- 
ICCL to min-on-snow cvcnu. Hcncc mosL cnvironmcnwl 
I S S S S ~ C ~ L S  and othcr plmnning documcnls cva luk  pro. 
=Ed chmngcs in thc sitc of pc3k flows by cxmpshting 
?om Lhc limitcd numkr or paired-estchmcnt cxpximcna 
h t  haw c x m i n d  &he issuc. 

I t  is impoml to noLc h t  any c h n g c  in thc sizc of pe3k 
lows is most likely fo dcclinc in m3gni1udc % onc movCS 
lownsrcm.  This is duc LO h l h  a dispersion of Ihc flood 
VJVC in timc and hc hck of c hyngc in orhcr t r i b u k c s  (i.c., 
’ d i h i o n  cffcct) (Linslcy c t  d., 1982). Proponionally 
sgcr incraxs  in Lhc si= of p k  flows will occur down- 
u u m  only if Lhc liming ofpeak runoff in thcrnmagcd bash 
i altcrcd in such a way hi it bccomcs synchronitcd with 
cak runoff in othcr fribuWrics (Ham, 19S9). 

issessment 
Forest marnpcrncnt activilics cm incmc  the S ~ Z C  of 

cak flows by rnnsfonning subsurface flow LO surhcc 
ow, rcducing infi1u;ltion ntes and mil moisturc stongc 
IpatiLy, rcducing intcrccption lossts, i n c m i n g  soil rnois- 
LTC. and allcring n[cs of snowmclt. Thc rchuvc cffms of 
ICSC changcs will my by scxscn, sie, L:: :!:= skc.  
arcrul managcrncnt and post-hrrrvcsr rchbitiulion m a -  



. CMPTER 3. C~~ANGESBYFLOW * 

cm largely alleviatcchange in the sizeof ptak flows decline in discharge is due to a combination of low pmipi- 
dutto~om~~on,disnrP~On~fSubs~~~Owpaths.and I tabon, reduced drainage from the soil and bedrock, and 

ir;ftlUation rat&.  his mtanS hit in-- no 
subject roraindn-snow evcnts,thtlargcstchangengein t h e s h  
ofpeak flowscan blimittd lorhe first few storms followin4 
wgrowingseason,wlmen Ihthighersoilrnoisavtcanyovw 
adts in agnwerproporrion of runoff. Major floods. such 
asthose wifhrmuminterval o f ~ 0 ~ o r r n o ~ , a h o u l d n o i  
as greatly affected by form rnanagemenlaclivitks,as the 

rainfall is normally sufficient 10 makc up sny initial 
'differences in soil moisture conlenf. However, if forest 
harvest and athcr mnagemcnK advities substantially in- 
crease the a m o m  or compactcd. or impervious arcas (cg., 
roads, landings, and skid mils}, thc sizeof peak flows from 
all storms is IikcIy to increase (Harr a a]., 1979). 

Fomt hamcst a n  incrcasc thc size of the largest pxk 
flows in arras wbcrc the h g e o  flmds arc cauxd by min- 
on-snow events. This incrcast in the size of pwk flows is 
due to the combination of i n c d  snowpack (cawcd by a 
rcduction in i n m p  tion losses) and an i n e r a  in snowmelt 
due to her& turbulent h a t  mnsfcr. Rcccntremrch in 
thc Washinglon Cascades has indimcd hh3~ hmcsEd plots 
can yicld UP to 95% m o r ~ ~ n o f f l h a n  unhwcstcd am.md 
runoff from 18- io 2 ~ y ~ - o I d  plult3tions is around 40% 
higher~.D.Hyf,U.SS.S.Pac.No~w.Rcs.Sw..S~~rtc. 
p. cornrn.). 

In summary. the crfccls of form harvest on thc siu: or 
p k  flows is difficult to prcdicr and mcasure. Providing 
~ t s o i l d i a ~ e a n d c o ~ p ~ u o n ; u c  kcpttoaminimurn, 
concern over i n c r w s  in h six or- flows is appropri- 
au: primady in mxs whcrc min-on-snow cvcnu gcncnk 
the largcsi flood @s. Carcful monitoring of changcs in 
Lhc six of pwk ff ows could hclp pmvidc mmc insight inIo 
thc hydroiogic bchaviorof a basin. but lhcrcuc morc dircct 
and cfficicnt ways u) moniIor most of Lhe physical cflccls 
tlwt I& rn a chvrgc in puk llows. 

Moniioring or chmga in thc sizc of p k  flows is 
difliculk h u s c  it rcquircs a long-tcrm commitmcnr and 
Lhc malehing o h  basin of intcrcsl to om wilh no land u4c 
chngccs or mmnagcrncnt activities. Data from past studics 
on small ci~lchmcnu indicau: h a t  rnoniloring Lhc sizc of 
puk flows providcs li~llc undcmwnding u n k  it isaccom- 
mid by sludics documcming Lhc probablc c3us&(s) ormy 
obscmcd change. Hcncc, monitoring thc s i x  of pxk flows 
is morc approprim as pan or 313 applicd rcscmh projccl 
t h n  3s a swndard monitoring pnericc. 

* 

3.2 CHANGES IN Low FLOWS 

Definition 
In most of ihc wcs~cm US.. Lhc minimum rtrcwnnow is 

obscrvcd during h c  h ~ c  surnrncr and caryly autumn. 7bi5 

sustained high evapoeanspktion. Removal of the fortst or 
olher vegetauve cover usually results in an in- in low 
flows by reducing evapomspiration (cg., Harr et at.. 
1979) and secondarily, interception. 

Relation to Designated Uses 
Summer Iow flows arc important primarily for main- 

dning aquatic habimt. An inuease in low flows will 
increase the wctlcd pcrimetcr and flow depth, and thcrcby 
provide morc habirat. Incmscd flows wilI also rcduce the 
magni tudc of any tcrnpcraiure incrcasc due to fortst h a w s t .  
as tcmpcrattm i n c w  are highly depcndcnt on the in- 
cmsc in incoming nct radiation rchtivc m mkd dischargc 
(Section 2.1). 

1 : 

1 

~ 

Response to Management Activifies 
In mosi small calchrncnl srudics inthcPacificNorlhwcst 

fomt harvtxt ha b x n  shown u, inczwsurnmcrlow flows 
by up ~3W%(Anderson. 1963;Rothacher. 1970). Allhough 
Lhis is a lvgc rclativc i n c m e .  the absoIute volurnc of thc 
incrcas.cissmallrclatiuc ta Ihctaalannual walcryicld(Hm 
CI al., 1982). Howcvcr, in anxu whcrc fog b i p  is a major 
hydroIogic input. form h m t  u n  caw a dcclinc in 
summm low !lows (c.g.. Hm. 1980}. Studies in h e  drier, 
snowmelt-dornimtcd ~rws of hc Rocky Mwnfins hwc 
shown low flow i n c m a  of only 0-12% folIowing ionx 
hmcst (Batcs and Henry, 1928: T m d l c .  1983; Van 
Hncrcn, 1988). Thc prcxncc of B low flow i n c m  in 
h s c  mom arid cnvironmcnts may dcpcnd on whclhcr 
surnmcr pGcipintion is sufficient t~ gcncntc ii mponw: in 
stram now. 

As f o r m  rcgrowlh =CUTS h c  incrc;rsc in low flows is 
diminished. and thc mlc at which low flows rciurn IO prc- 
hmcstconditionscanbc highly v h b l e .  IncoslalOrcgon 
thc harvcst ol a maiurc conifcrous forcsi was foliowcd by 
Ihc rapid csubiishrncnl ol phrmtophytic vegclauon (rcd 
alder, cotmnwds,  and willows) in and adjxcnl Io thc 
strmm chmncl. Wilhin 10 y w r s  h c  rnwx.rcd summcr low 
flows showcd no incruscrcblivc toprc-tr3n.w condhions, 
and in subscqucnt ycvs Ihc summcr low ffows wcrc Icss 
h n  prcdicwd by thc prc-harvcst calibmion CquaLion. This 
rcduclion in low flows can bc cxpcclcd to coniinuc untiI thc 
phmtophytic vcgcmtion is ovcnoppd by thc ICSS watr- 
:onsumptivc conifcrous spccics (Ham, 1953). Hydrologic 
~covcry  from thinning, undcrs~ory rcmoval. or buming of 
>rush also is likely to rquirc lcss h n  a dcwdc. 

ueasurement Concepts 
As w x  thc cast for@ flows, dic most sensitive mcqs 

ordcw~inga chmgc in low flows is 10 csublish a smtiriicd 



Part I1 

h cxprcsscd as& i n c r b  in sucmffow. but wchvc vcry 
limitcd conuol ovcr Lhc amount and riming of Uis incmsc. 
Atthough ais i n c m  in low now5 may !x significanl in 
t c m s  of incmscd h b h t  arca-pdcularly in small 
slrmrns-on lvgcr s m m s  rhc inc- genmlIy is too 
small to bc maurcd. Fur h a  m n s  most monitoring 
projcEu do not cxplicidy aucmpt to dwumcni any C h i m p  
in low flows. 

Assessment 
Forcsl hvvest can caux a subslanth1 incrcxx in sum- 

mer low flows. and this will pmvidc additional habita1 for 
skmm biow. f n c r a d  low flows also may reduce Ihc 
suxcptibilily of the scram toadvcrsc tempcraw changcs 

r&timship k ~ w e c n  tbc dischiirgcofadjaccnlt ealchrncnts 
A change in thc rchtionship bcwccn Ihc two caichrncnts i: 
uscd 10 demonsmc a change h low flows. Thc nccd IC 
accurately mcasurc rclativcly smll discharges rnms thc 
gaging stations must bc carcfully placed to minimiz sccp 
age, and Ihc widlhdcpdr ratio should be as low as possible, 
In smaIl s m m s  some typc of wcir or flumc smcturc is 
Iikety to be nccdcd to obtain the ncc- accuracy. 

Changes in low flowsgcndly will bc morcdifficuh ~c 
dcmt in largcr catehrnenls because a s m a k r  proportion ol 
Ihc catchmcnl will be hameslcd ovcra rchthc!y short time 
pcn'od. Hcnce any i n e m  in low flows will bc subject to 
a dilution c f k t  from olhcr sub-calchrncnts which do no1 
have a hydrologkally altrcd vcgcmdon canopy. 

in hcsc priods (c.g., S wanson and Hillman. 1977). 
Thc signifimc of an i n c r w  in low flows was djs- 

c u d  in S&on 3.2; thc likelihood and sipificmcc of . 
i n c d n g  p k  flows was discussed in Scction 3.1. O W  
rhan thc possiblc i n c r m  in fhc s k  olhelvgcr pc3k flows 
duc to nin-on-snow cvcnts, thc increase in fdl and winW 
dischvgc from lorcst aclivitics is Iikcly u, have liulc bb- 
logical or physical signifiacc. Howcvcr, any i n c r c s  in 
flow may bc kncficiaf if it a n  bc eapturcd in a d o w n S W  
ratavoir and ucd for gcnmring clccuicity, irrigation. Or 

' 

watcr supply purposes. _. 

Standards 

I cstablishcd M pposcd. 

Current Uses 

No sundartis lor chngcs in low flows havc bccn 

Moniroring strum dischvgc is an impitant compo- 
nent of most warn quality monimring ptograms. Howcvcr, 
low flows arc rclativcly unirngomnt in m s  of thcir 
conlribubon to comslitucnt load, A i m c n t  load, and warn 
yicld. P;rLcdcatchmcnt txpcrimcnts havc shown lh3t 20- 
30% of a catchment must k c l m d  LO obfain a mcasuabI6 
i n c m  in w a w  yicld (Bosh and Hcwlcu, 1982). Since 
mosi long-tm gaging swtionsmon Iargcrmtchcnulhat 
do notcxpericncesuch hcavy harvcstlcvcisovcrarcbtivefy 
shon u'mt p'd, c h g c s  in low flows are unhkcly 10 k 
obscrvcd at existing gaging stations. 

LitlIc attention has k c n  paid 10 moniroring changcs in 
low nowsbccausethcrc is vcry ~i~Icswpc for managcmcnt 
Rcmoval of the riparian vcgemtion wmHy is not a viablc 
option -use of oonEms ovcr wildire and lishcria 
habitats, scdimcnt and n u t r b t  inpuu, h n k  crosion. and 
swrn wrnpmturcs (Scction 6.2). Form harvcst is known 
IO dccmsc cvawmsphdon, and some of his waLcr will 

rcsulring from rcmovd dtk ripyian canopy. Thus changcs 
in low flows my be lpcficial and of intcrcst to mwgcrs,  
but low flows generally m o t  k uscd as an indicator of 
water quality. To date, water rights c o w  havc not ad- 
dmsd thc allocation of any i n c w  in warn yield due to 
forcst harvest The a b m c  of any instiurtional mmhanism 
Lo capture the ecommic bencfils of ix& low flows, and 
thc dificulty of meanuing small incrmscs on largc basins, 
indicates thar low flow monitoring is m i y  appropriate. 

Definition 
A changc in WaLcr yield rcprcscnts rhc sum of all thc 

individualchangcs in nmoff uvcra warcryeu. Mostpakl-  
wakrshcd cxpcrimcnts havc focusd on changcs in thc total 
annwl warn yicld. so thcrc is much rnm daw on chvlgcs 
in watcr yicld than on chmgcs in low nows or thc skc  of 
p d c  nows. 

Relation to Designated Uses 
Thc h p m c c o f q  incrcasc in warn  yidd dcpmds on 

Ihc timing of thc irrmsc. the uscs of the watcr. and thc 
c x p t  u3 which the incrcasc can bc'capulrcd by sbongc 
faciIiucs. In mindominstcd or warm snow cnvironmcnts, 
Ihc Iargcsr rcIathe ix=s in watcr yicld usually =cur 
dun'ng thc summcr and first autumn s m s  (Ham, 1983). 
Thc Ingust absolute h c m c s  mur during thc fall-winlcr 
niny ScaSOn (Harr ct al.. 1982). 

fn coldcr, smw-domimRd CnYironmcnK m a l  of b e  
in- in w a n  yicld will OCFU early in rhc sprins snowmclt 
mid k c a m  I= mowmclt is ncodcd t~ rcchargc soil 
noisturc (c.g.. Trocndlc and King. 1985). If there is Sufi- 
:icnt p i p i l a u o n  during thc summer and IXI  to gcnmk 
iubsmthf amounts ofstrmmff ow and maindn high I w d S  
if soil moistllrc. wtucr yicld i n c r w s  also msy bc dclwtcd 

* 



4# SEDIMENT 

INTRODUCTION 
An incrcascd scdimcnt load is d icn  Ihc mosi impart3ni 

advcrsc cffcct of forcst mamgcrncnt activitia on summs. 
Largc incrcisa io thc amount olscdimcnt dclivcrcd ID thc 
stram channel un grcaily impair, or ctcn climinatc. fish 
and aquxic invcncbntc habiut. and allcr thc svuciurc and 
widdl of thc smvnbrvlks and adjacent ripm’an zonc. 

Thc physiul crfccts of incrwscd scdimcnt load c m  k 
cqually fwrmching. Fmc d i m e m  can impair b c  usc of 
watcr for municipal ar agricultud purposes. Thc amouni of 
scdirneni can affm chvlncl shpe, sinuosify, and rhc rch- 
live bdancc k ~ w c e n  pools and rifitcs. Chmgcs in bc 
rcdimrnt Lwd also will dlccl fhc bed rna~c~ial  size, and this 
in turn can allcr both rhc qwntiiy and Ihc qwlity of h c  
h3bit3L for fish md kcnthic invcncbntcs. 

Many nuuicnts and othcr chcrniml constiiucols arc 
sorbcd onto fine pmiclcs. so xedimcnt loads NC orrcn 
dircctly rcbtcd to rhc h d  of h a c  constitucnrs. Indbcct 
cffccts of incrcascd scdirncni loads m?y includc i n c r m d  
smxm tcmpccnturcs and dccrmscd intcrgnvcl dissalvcd 
oxygcn (DO). 

Tficsc widc-mging cffccls suggcsst bar rhcrc arc an 
equally broad range of tcchniqucs hat  cm k uscd to ;LTSCSS 

ihc quantify and i m p m  of Llrc scdimcnt Iwd in 3 particular 
warn. Dircct masurcmcnts includc suspcndcd scdimcnt 
conccnmiion, turbidity, mnd bcdlwd. Indirect rncthods 
incIudc rncasurcmcnuofchannd chuactcrisucssuch as rhc 
width-dcplh mtio.rcsidud pool dcpth, k d  matcn’d prdclc 
s i x ,  or the widlh of rhc ripzian canopy o p i n g  (Scctions, 
5.2,5.3,5.6, and 6.1, rcspcchYy). This ehpler discu- 
only lhc p3;rmclcrs of suspdcd scdimcm, turbidity, and 
bCdtO3d. 

, i i p  
n .RI 4.1 SUSPENDED SEDIMENT ,E 

, -  

:-‘E Definition 
I. G; Suspcndcd scdimcnt d c r s  IO lh3L prrion of thc Xdii 

mcnI lojd sqxndcd  i n  Ihc w m r  column. This, 3t I&$ 
conecptuIIy, is distinct lrom bcdload, which is dcfrncd & 
matcrial rolting dong rhc k d .  Thc rcI3b-c sizc of panic&: 
mnspomd as bcdload and suspcndcd scdirncnt will YG? 
with &c noun chmctcristics (c.6.. vc~ccity, M r0rms.j 
turbulcncc, gndicni) mnd thc chmcren‘stics of LII~ mafcrhl; 
kinS mmpncd (c.g., dcnsiLy. shqx). 
h’onh~csrand.~I~k~.p~niclcs~O. 1 rnm indimictcr(cl3ys, il 
silts, wid ccr). fine mds) YC rypicdly msporrcd 3s sus- 
pcndcdscdimcnt. whilc pmiclcs >1 rnm io dimctcr (coxsc 2.; 
sand md fqx) tjpicdlym m s p n c d x  kdlmd (Evcrcst 4 
et d., 1987). Pmiclcs k t w c c n  0.1 and 1 m m  YC us’udly ..: 
Lmnsponcd a kdload, but c m  bc uansponcd 3s suspcndtd -,: 

Imd during turbuknt. hish flow cvcnts (Sullivan et al.. ;I 
1987). Thc process ofduiion, in which pxdclcs bounct ./ 
tiom thc bcd up info thc w z m  column, blurs thc disiinction ! 
kCtwcCn l h a c  two w n s .  lncal hydnulic condirions also ; 
:an must shirrs in thc r c 1 a . i ~ ~  p ropdon  and s i x  classcs of 

Suspcndcd sccdirncnt also should bc distinguished fro111 

wash load. Thchtrcr ~cm rcfcrs to pvticlcs h a t  arc wshcd  
into rhc warn during runoff cvcnts, md tJm ax fincr ilnn 
[hc pmiclcr found in thc smm bcd (Riircr, 1975). By 
jCfiniliOiI thc w3sh lo3d is lincr thm tfic bcd malcrid load. 
ind Ihc wash load is considcrcd to r cnsn  suspcndcd die 
cngh ofthc fluvialrysitm fiinrlcy crd. ,  1952). Norrndly 
Irc wash load is dcfincd .?s particIcs smdlcr dun 0.M2 rtiin 
S~IIS and days). Thc conccpt of w3sh load is rucly uscd by 
luvid gcornorphologists or fish bialogisu, and il i s  difficult 

xdfoad and suspc.ndcd scdimcnt. :,ij 
,:’$ ?’: 
:;$- 
- .c: 

2i 
: 

:: . 



duces habint space for srnalI fish, inwmbntcs. and . .  . I -  . . .  _ _ .  

for Do wilhin d 
!mm of thc xnsilivity of invcncbbntcs and salmonid 
:@uclion to rhc conccnmlion of inlcrgnvcl Do EPA,  
' 1986bI. 

-:proaucrion by Educing ~c canccnrnlion of DO and by 

a m b n i n g  20% fines was round to rcducc cmcrgcncc suc- 
'mby3040C (Phillipsct aI., 1975). Although orhcr ficld 

2 ;observations suppon LIIC basic link ktwccn finc scdimcni 
[ :Madecline in salmonid rcproduction.dircct cxmpohtion 
: of laboratory studics b the ficld is difficult kcwusc (1) 

changes in suspcndcd scdimcnl t y p i d I y  arc accompicd 
1 by changes in olhcr cnvironmcnd hcton: (2) dilfcrcnt 
i Spccicshvc vyyingscnsiiivity to scdimcntat difrcrcni life 

slatages and undcr diflcrcnt cnvironmcnul condiiions: and 
(3) chmgcs in bchavior.may hdp allcvia~c thc adversc 
Cffecrs  of incrcaKd scdimcni ( E v c r t ~  ct al., 19S7). Thcsc 
s a m ~  consmints apply ID studics rcIaing Lhc conccnr.rion 
01 finc scdimcni to the growth and survival of mlnionid 
j u v C n k  md aduhs. 

An cxccss of finc scdimcnt can advcrscly affm hibimt 
amilabili1y. Thccarc smdyofbcSouth Forkof thcSfmon 
Riwr (Box 3. p q c  17) providcs onc cxamplc. and simihr 
obxmtions h i v c  bccn made on olhcr strcms (c.g.. GrmL, 

E, 1% Ccdcrholm and Rcid. 1987; SuIlivan CI 31.. 1957). 
O h  howcver. pml infiIling is duc mxind-sixcd pniclcs 

' which arc considmd fincs by fishcrics biologisrs. bui r i u y  E n w k  Lnnspnrd as susvndcd scdimcnt. Thus an incrctlsc 
'II h c  conccntnlion or S U S ~ I K M  scdiriicnt may not ncc- 
C . ~ I Y  bceorrcljtedwith3dccrc3sinl: lxx~ material pariiclc 

Rcduecd gnvcl pcrmmbility CM inhibiL saImonid rc- 

alevins or fry. In 3 hbontory study a subsmu 

E -  

- 

An incrtxix in suspended xdimcnt conccntnrion will 
rcducc rhc pcncmiion of l i g h ~  and a susniincd high conccn- 
uarion of supndcd sedimcnt co@d rcduce primary pro- 
ductioniforherfac~arcnotIimiung(Grcgoryet~., 19S7; 
Stxuon 7.3). The elfeEt of suspcndcd stxiimcnt on waicr 
tempemure h i  not becn we11 documented. EPA's QuaIiry 
Criteriofor Water notes h i  suspcnded ma~crials will in- 
c m c  hcaiabsorpdon. panicaIarly in Ihc surhce l a y ~ ,  and 
inhibik mixing Imwecn the w m c r  surface laycr and thc 
cooler undedying wale15 @PA, 1986b). Orhcrs bcIicvcthar 
h c  addiuonal hwring due IO suspcndcd scdiment is ncgli- 
giblc bccausc turbid walcrs ~ Y C  a h i g h  rcflccmcc. Thc 
rcduccd pcncvauon of sokcncrgy causcd bran incrcasc in 
susptndcd scdimcnnt conccnrntion could rducc thc m1u 
hating of thc M rnatcrial. but rhc atenuation of light 
cncrgy in water is x) npid that any diffcrcncc in h d n g  
wouId occur only in arcas whcrc thc waLcr is lass Lhm aboui 
10 cm decp. Thc pnctical i m p I i d o n s  of an inerexed 
suspmdcd scdimcni loadon strc3m tcmpcniurcsand mixing 
m lirnikd by he fact thm (1) mosl forat smms arc vcry 
well mixed. and (2) s u s p d c d  scdhcnt conccomlhns 
iypiwIlym wq tow in summcr, which is whcn high w t c r  
rcmpcnturcs arc of most conccm. 

Thc conccntmion of suspcndcd scdirncm also cm 31- 
rccr hc morphology of alluvial channels. Schumrn ( 1  971) 
cha i f i cd  dluvid strums by thc propdon of bcdload to 
suspcndcd load. Strums with 97% or morc of Lhc mu1 
scdimcni load z suswnded scdimcnt had wid th-dcph ra- 
iios c 10. md shuoshks z.2. In  such channck m incrux in 
Lhc suswndcd load uouId End. at l e x t  initially. io narrow 
thc chmncl as h c  finc Ysdimcni is dcposivd along Ihc 
hk Rurncsurdics bx shoun Itin1 rn incmsc in s u i q ~ n d d  
scdimcni conccntntions CJUSCS an incrcm in velocity and 
3 stccpr channct gradicnt (Chq?.  I9SS). An incrcasc in 
finc s c d i m m  m3y also dchy the initiaiion of hdland 
Irmrpon( 3czhnand Jackson, 1979). In gcncr~l. h o w c v ~ r ,  
thcconccntnrion o f s w p d d  scdirncni hxlitrlc influcncc 
in shaping s w a m  chmncls (Evcrcn CI aI., 1987). 

Susy*lndcd xciimcnl cm a d v c r d y  affcci xvcral 0 t h  
dcsignacd uxs of w m r .  High conccnintions of suqxnclrd 
5ccdimcnl u n  d m n g c  turbincs in hydrodcctric plana. Sus- 
p d c d  ni3~ir'r rcduccs ihc viluc of w t c r  for csrhcdc pur- 
pxs. For csstiplc, il is un3cccpublc in municipal WICI 

iupplics for csrhcuc rcxons: niorrovcr. i t  rcrluccs Ihc cfli- 
::icy ol nomi31 uumicnt proccdurcs (EI'A. 13SGh). 

Suspricd scdimcnt will SCIIIC oui in still or slorr- 
noving u-atcrs. mid lhis CSI rcsult in ~1oggc.d irriptini i  
:intlls and rduccd rc.scrvoir stor~gc  c;lyxxiLy. In somc~ 
:LSCS, hon evtr. ihc dqwsidon of s u s ~ n d r d  scclimcnt cxi 
H: rcprdrd 1s kncficisl. For exmplc .  dqmsition during 
iigh flow cvcnu providrs xidiiiond nutricnu and soil 

arnmg I l l C  
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Effects of Management Activities 
Fora1 rnanagcmcnt activilics can affwt the amount 01 

suspcndcd scdirncnl in stfc3ms by allcrhg bolh thc cmsion 
m c  and nk of lnnspon inlo lhc suum channel. TIC 
m g c  of rnanagcmcnt activiiics, and Ihc numkr  of crosion 
and vanwrt prmma. have rcsultcd in an cxtcmivc l i t -  
cmiurc on thc rchtionship b w w n  forcst mamgcrncnt and 
XdirnenL yicld. Hawcvcr, mcnt changcs in fortst man- 
jgcmcni pmcticcs may makc it impossible 10 dircctly cx- 
mpohu: from prcviousstudics, cvcn ifthcy wcrceonducrcd 
in a compmblc cnvironmcnt @vcrcs~ ct J., 1987). The 
following pmgnphs providca bricf summary nthcr hhan 3 
corn prchcnsivc ovcrvicw. 

Most comprchcnsivc swdies of rhc cffccls of ro-1 
mmagcrncnl haw found road-building and r o d  mi,& 
nancc IO Ix a primay murcc of scdirncnt (c.g.. Brown md 
Krygicr. I97 1; Mcgahan and Kidd, 1972). This scdimcm 
can k crdcd from rhc road surfxc (c.s.. Reid and Dunnc. 
19%). from road F1ls (c.g., hlcgahan, 1978). or from slopc 
railurcs s s i a l c d  with r03d consmcrion and dnjn3gc 
(c.g., Duncan CL al., 1987: Mcgabn and Bohn, 1989). In 
r n w  mscs k r e  is 3 s h q  incrcasc in scdirncnt yjcld m i -  
3rd w i h  md-building acI iv iks.  and 3 npid dcclinc as 
rmds subilizc (c.g.. Bcschu,  1978). Incrmscd scdirncni 
yiclds icnd to bc morc pcrsislcnt if thc crosion S L C ~ S  from 
stop failms or surl3u: mnolf assocbmd with contjnucd 

F o r m  h m c a  can incmsc  scdimcnt yiclds by a varicly 
of p r o c u t x :  surfxc crosion from hndings, skid mils. and 
othcr cornpac~~I m; slop lailurcs uiggcrcd by rcmoval 
of thc tru: covcr; and surfxc erosion from bumcd mxts or 
m x s  disturbed by sirr: preparation aclivilics (Swanson C; al., 
1987). Surf3cc cmsion can ineludc both fluvial dcochrncni 
and msponas wcIl~drynvclandsurf~cccrccp(Sw~nson 
CI d.. 19S7). Historic pmcriccs ol disturbing thc sumn 
clunncl and rcrnoving largc "mdy dcbris also havc k n  
shown to incrusc thc amounl of Lnc scdimcnl in Ihc s- 
clunncl (E i l  by, I98 1 : Mcghm, 1981). Removal of. or a 
rcducuon in, lhcripYian vcgcwuon is a anohcr rncchanism 
by which forcst mm3gcmcnt activilics can incruse thc 
amount of fincscdimcnts (c.g., Plarts, 1981). Gming  o f m  
cxaccrbarcs Ihc cffcct of rcducinp thc vcgcutivc c o w  by 
simuluncously mmpling h c  vcgcmLion. compacting hc 
soil, and mmpIing Lhc sucambnks (Gifrord, I98 1). 

In somc c s a  mmagcment actividcs may have no SKI- 
ustically signilicani cffccr on suspcndcd scdimcnt concen- 
mrions. Sornc of he kcy factors convolling thc actual 
in- in suspcndcd & h c n m c x  foIlows: (1) thc intcnSiLy 
ol disturbance, (2) thc ml e x m t  of disurburcc, (3) Ihc 
proximity of thc disturbmcc m thc chmncI systcrn, and (4) 
LIYC siom C Y C ~ ~ S  cxpxicnccd during bc pxiods whcn rhc 
siu: is most scnsiu'vc to erosion mnd r n ~ s  rnovcrncnts 
(Evcrcslcral.. 1987; SwmmncLJ.. 1987). Thc high natural 

IIUV~ u;lrFc. 

s10m cvcnl iypimlly mc much highcrdmra d q  pcrid 
dlcr an wrlicr, bur rcccnL smm. O b  supndcd sediment 
conccnmuons arc higher during priods of incrwsing dis- 
c h g c  (i.c.. thc rising limb of hc hydrognph) and lowcr 
during @ads of d e n s i n g  dixhargc (Le., Ihc falling limb 
Of rhc hydrognph). Howcvcr, dcdlcd studicr indicau: lhar 
this is no[ always Ihc c m  (c.g.. Riegcr and Olive, 1986; 
WiIlims.  19893). Walling and H'cbb (19S2) discuss how 
bhc physic31 pmcsm of scdirncnt prducfion and yield 
nccd LO k ukcn inloaccount ID bctterprcdicl scdimcnl yicld 
and thcrcby reducc h e  apparcnt vxinsbilj~y o t  suspcndcd 
scd irncnt conccntndons. 

S a p d c d  -men[ conccnmuons wn show consid- 
cnbtc spa~hl variabilily. Thc increase in suspcndcd scdi- 
mcnt conccnmrion w i h  dcplh is well known (c-g., GUY, 
I970), but rfic s i x  and conccn!ration olsuwndedscdiment 
a lso  a n  vary according LO local ~urbulcncc and VclOCilY. 
I h o m ~  ( 1985) prov idcsa dcuilcd hxmsion of Ihc C O ~ C P E  
ind mchhods of mcxunng suspndcd dimcnt in s d 1  
mountain smms. 

Thc conccnmtion olsuspcndcd srdimcnr also is highly 
cnsitivc u1 Lhc m c h d  of smpling. ~ n y  smplcr dismpfi 
he now lincs, and his cm b i z  ttrc synplc. O i f i cc  s k  
CW$I of h c  inuiic noiz~c rclauvc IO ihe srnp la ,  and *E 

RrccnL of thc s3mpIq k t u c  f i l ~  311 t3n innucncr: the 
lccuracy of Ihc sample. The hydraulic rquircmcnls of 
wpcndcd scdirncnL smpIcrs gcncnlly prccludc sFPgng 
within 10 cm or 50 of thc sucam bomm (Guy and Nom?* 
:970). and his L m i s  h c  accuracy of any a~iempL LO ohmn 
~n absolulr: csrirnau: of suspndcd scdimenl flux. 

Suswndcd scdimcnt srrmplcrswn bc scpan~erl inlo !wo 

Measurement Concepts 
Suqxndcd scdirncnl conccnmarions arc dekmiw 

divcrgcncc klwtxn  milIignms pcr lilcr and pans pcr mil- 
lion. 

Thc primary problcm wiLh musuring suspended a i -  
mcnt is how m sampk in timc and spacc. Eslimates of 

bxcd on a prcsumcd rch~onshipkLu.ccn Ihcconccnmtion 
of suspcndcd xdimcnt md suum dis:hqc. bul this is by ' 

no m u n s  consmnt or rclhblc (c.g.. Fergusoo. 1986). For 
cx3mplc. suspmdcd wlirncni conccnrntions for aspccified 

I 
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ity, gravcJ pcrmcabiticy, and bcd matcrial pantick six1 
will bc vcry diffcrcnt. 

Assessment 

Suspcndcd scdimcnt is a vcry uscrul indjwror of activr 
crosion in a pmjcularub3sin. Howcvcr, thc m u l t i p l c p m :  
invoivcd in scdimcnt storagc and dclivcry prccludc h c  USI 

o l  suqxndcd scdimcm conccntntions as a qumutatiuc 
mczurc olspocific hillslopc and channcl proccsscs. On thc 
ohcr hand, suspcndcd scdirncnt conccntntions axc YCQ 

scnsiiivc to h n d x a p  disturbmcc, and its conceptual sim. 
pIicity givcs it brmd a p p l .  

Thc p r i m q  problcm w i h  using suspcndcd xdirncni a: 
J rnoniioring tool is irs inhcrcnt variability. Rcprcscnutivc 
svnpics an dificuli to obnh, and susvndcd scdimcnt con- 
ccntnLions vary trcmcndously ovcr iimcand spacc. Thus 
it is oficn difficult to dctcrminc if thcrc has bcco a sig- 
ni f iun t  incrcasc in suspcndcd scdimcni. and whclhcr an 
obsxvcd incrcut: is duc lo mmagcmcntaciivith or naiural 
cau5cs. Thcsc problcms mc cxaccrbaicd as onc rnovcs 
fanhcr downswam k a u x  lhc impact of individud man- 
ZScrncnr aciivitics is dilutcd and Lhc'arnount of suspcndcd 
wdirncnl from oihcr sourcccs &om- hrgcr. 

Suspcndcd scdimcnl can and should bc includcd in 3 
noniroring pkm providcd i t  is rccognircd a priori h t  ( I )  
idcndfying 3n incrcasc in s u q x n d d  scdimcnt duc io forcst 
rnmqcmcnt rquircs s c v c d  y w s  of hckground daw 
from thc b x i n  or sirc whcrc rnmagcmcnt will =cur and a 
similar SCL of dm from compmblc. unrnungcd siE(s); and 
( 2 )  cdcuhting suspcndcd scdimcnt: fluxcs and loads rcsulu 
in rn inhcrcnt unccnainry of 31 l a s t  25-505. 

Suspcndcd %dimcnt dso is just onc componcnt or Ihc 
ovcmIl scdimcnt budgct Chmgcs in Ixdload gcncnIly 
h ~ v c  thc grakst gcomorphic impact (Sation 4 2 ) ,  but hcsc 
m q  or may not bc comlmd with suspcndcd scdimcni 
(N'illiuns, 1989b}. Turbidity (Scchn 4.2) is highly cor- 
r c h c d  wilh suspcndcd scdirncnt. but his rclalionship must 
Lx dctcrmincd for u c h  basin and ususIIy mch site. As 
indicalcd h v c ,  b c  advcrsc impaci of s u s p d c d  srsdimcni 
also is a function of hc sisc disrribulion of h c  suspcndcd 
pmiclcs. 

4.2 TUA8lDlTY 

Definition 
Turbidity rcicrs io thc amount of light i h x  is xaticrcd 

or absorkd by a fluid (APHA, 1980). Hcncc rurbidity is an 
optical propcng of Lhc fluid (Hach. 1972). and an incrcaing 
lurbidity Is visuiIly dcscritxd x an incrcasc in ctoudimss. 
Turbidiry in s m s  is usullyduc Io thc prcscncc olsuqxndd 
pmiclcs of sik and c I q ,  but obcr  rnamials such as IincIy 

.Phr&, 5 dividcd organic maucr. colorcd organic compounds 
ton. and rnicrwrgmisms can coniribue ~3 the tWidi.;: 
lion. six, wcighL 3nd rcfmcrivc propcnics of hae propor . -m vduc of a p;ut i cu l~  waler mmplc. Sincc dative 

A ab varies considcnbly, a corrclarion of turbidity wia ; 
wcighr conccnmion of suspcndd maiicr cannot &,;! 

Prior LO about I970 turbidity w x  rncasurcd p f i w y i n  ~~~ 

Jackson lurbidity u n h  (JTU). Jackson turbidity units arc 3s 
dcmm incd by slow 1 y incrwsi ng Lhc dcpth of warn  in aelear ,l 

. -4 
cylindcr unril a m d l c  hmcplacd  undcr rhcbouom 0ft)lc .% 
cylinder disappears inio a uniform glow (Hach, 1gn) :; 
S c v c d  probIcrnsm asssociaEd WiLh JTUs: ( I )  umbLmng, ,1 
is 25 JTUs and grater; (2) turbidity duc to dmk-colod. a 
pmiclcs annot bc m w u r c d  x tm much light is abmrm; ; 
and (3) vcry finc pniclcs arc not rnmsurcd (APH.A, 1980). 
T f i c x  problcrns h v c  Id to h c  widcsprmd rcpbcernenr of .: 
Jackson's cmdlc turbidimcrcr wilh photlxkuic tubi. 
dimclcrs. 

Phowlccuic iurbidimctcrs mcasurc turbidity in ntph. 1 -  
ctomcuic Lurbidiiy units (MU); thcy arc abtc toaccur;lieiy :.:$ 
m c s u r c  much lowcr tcvcls of turbidhy, and musurcrnents :$ 
p c d I y  arc noi alfccred by partick color ( H x h ,  1972). 2 

Thcsc propcnics rnakcphoLoclcclric rurbidimeicrsandNTU , ., 

inisthc pdcrrcd r n c h d  formmuring tuhidity insucams. f$ 
Thc diffcrcnccs in mcvurcmcni  icchniqucs rncm harthere 
s no smdard convcrsion bcrwccn Jaclrson turbidity mi& 
ind ncphclomcuic turbidiiy uniu ( M H A .  1950). 

s u m 4  (APHA. 1980). !4 

5 
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Wation t o  Designated Uses 
Turbidity is an imporno; p r m c t c r  of drinking wllQ 3 

or both acsthctic and pnctial rwons .  A suong public $4 
action cm lx cxpcctcd to a turbid wmrsupply,evcn if the 3 
r ' ~ ~ r ~ c e h i d l y i s d c u , d r i n k .  Howcvcr,suspcndcdmatler ': 

rovidcs m whcrc microorganisms may no[ comc in10 i 

onuct with chlorinc disinfccunts, SO high turbidity I C d S  
' 

m y  limir thc cficaey of nomd UmUncnL proccdms a : 
EPA. 19SGb). S m J I  tunl communirks may no[ bcablc10 .' 

liord rhc additional Lrutrncnl cosu ncccssiotd by ', 

I c r c w  in thc turbidity of their basic waicrsupply(HmcY- 
989). 
Turbidity also has a dircct dcuimcnal cffcct On Ihe 1 

xrmtional and acshr ic  usc of watcr. Thc mort: turbid the .I 
m r ,  h c  Icss dcsinblc i i  kcomcs lor swimming and O W  2 

watcr  con^ I s p m  (EPA, 1986b3. In many l o m d  ! 
tourism and rccrauon arc impomnl cornponcnrs of the 

' 
local cconomy, and incrcascd rurbidiLy could advCrslY 
a r k [  rhcatuactivcncssofa watcrMy foriishing,bringt ; 

3 
Most of thc biological cffccu of turbidity arcduc 10 the ? 

rcduccd pcncrration of light in turbid watcrs. LCSS light 2 
pcncualion d c c r e s s  primary productivity, wih W i P h y -  ; 
ton and atmchtxi algac k i n g  most scvcrcly allcclcd. ' 
clincs in p r i m q  producriviiy a n  advcrscIy affcct dX 

-.. 

?s 

. I  
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swimming. or othcr waicr-rclaicd aciivirics. 



ofturbidity measuremcntsrompare f~vonbly with theothcr 
d i m c n t  paramctcrs (suspcndcd scdimcnt and Mlmd) as 
wen as rhc chmnncl chmctcristics (Chaptcr 5). 

Thc disadvmtagcs of Lurbidity arc twofold. First. thc 
Elationship wifh suspcndcd scdimcnl rnui bc dctcrmincd 
for each sitc. cvcn though mmc studics h v c  shown bat 
s v m l  sites wilh similar physical chmctcristics may havc 
j&ntieal relationships. Sccond, turbidily is highIy vuiablc. 
Asin hcwsc:orsuqmdcd scdimcnt (SCcbon4. I).  turbidity 
varies according 10 Ihc disehagc: thc occurrence of sp- 
d i e  c v c n ~  such as debris llows. hndslidcs, or rhe bruk- 
down of Iog jms; Lhc timing of LIX m p l c  rclaive IO the 
s s t m  of h c  y w ,  thc umc sincc thc tast runoflcvcnc and hc 
timing wilhin a storm hybognph. The mgcmd nonlinear 
naiurc o f h x  varhions makc it vcry diflicuh u3 cmblish 
and cnlorcc a n m w l y  dcfincd turbidity sundad lor siom 
tvcnts. N m w  h r b i d i t y s m d d s y r  muchcsicrtodcvcIop 
and apply during low flow pi& whcn bxkgromd JcvcIs 
m consistcniiy low (c.g., a cornpsison of turbidiry lcvcls 
upstrcam and downsumm of 3 bridgc consuuctjon silc). 

Turbidity rnc3suremcnic arc pmiculxly c f k  tivc in the 
C s e  of projcci moniioring (c.g.. m p l c s  arc ukcn  upsucm 
and downswum or a pmicular mmgcrncnt xtivi iy) .  

bt as a surrogate for suspenddcd scdimea concmm 
WS. The relalivc msc of measuring turbidity m a s  tha 
q d i m r i e  field obswvauons md S ~ ~ r i C  sampling can bt 

rn identify spceilic sedimcnt sourcts (source-scuet 
~bdology  discussed in Part I. Sccrion 32.3). 

Turbidity is regarded by many as being the single mos 
d t i v c  mta~urt  of h e  efkcts of Land use on s m s .  Thi! 
is due partly to the fact bat rclativcly small amounls 01 
gedjment causea largc c h g e  in Widity, and pady IC 

esrimad aecwacy of iurbidity mcaSmments (ap 
. ~ i m a t c l y ? l O Q )  (APHA, 1980: Brown, 1983). Alhough 
& variation in turbidity wilh discharge gcncnlIy is grwtcr 

10% (Brown, 19831, hh the aecuraey and variability 

4.3 8EDLOAD 

Definition 

thc s m t m  kl (Linsley et J., 1982). Thus a sllc3m bed 
c ~ n p k d  primarily of silt and clay pa5clcs wilt havc most 
of its bed m a t c ~  load vylsportod as suspended scdimtnt. 
while the bed material load of a coarse-bedded smxm (e.g, 
gmek and cobbles) will be transponed h o s t  entirely as 
MIOad. 

Relation to Designated Uses 
B d l d  is an i m p m t  component of h e  total scdi- 

ment load of a B. The propomon of rhe d i m e n t  Imd 
msponed as bcdload varics considcnbly and cannot k 
cham~tcrizcd by a simple relationship tosupcndcd scdirncnl 
Iwd or to dischxgc (Williams, 1989b). 

Thc amounl and size of the M mlucrid, h conjunction 
wilh h c  dischxgc. slop, and gcology, lvgcly dctcrminc 
hc owdl type and shape of the channcl. Wide. shallow 
chnrrcfs arc chanc~r ist ic  of stmms uamponhg come 
WIoad in unconsmincd alluvial vdlcys (Riutr. 1978). As 
discusscd in Scclions 5.1-5.2. sums with a high width- 
dcpth ntio arc morc likcly'to cxpricnw high watcr ~cm- 
pcnturcs h a t  may bc dcvimcnu1 IO coldwatcr fishcria. 
Summs with c o a x  bcdload End LD havc a Iowcr sinuasiry 
h n  s t r m s  b a t  havc finc particIcs as Lhcir bcd r n 3 i c d  
(SwUon5.6. I : Schumm; 1960). S m s  wilhhigh volumcs 
nf bcdlrwd and crodibb banks often arc bnidtd. and hhc 
npid chmgcs in chmncl lmcauon chmwristic of bnidcd 
suurns rcsuh in continuing high erosion and scdimcnr 
lnnspon ram. Thc unsrnblc chvlncls in bmidcd reacher 
Irovidc rchlivcly p o r  hbitai for salmonids. and thc Iugc 
imounts of scdimcnt vyrsporrcd downsumrn from bmidrd 
.mchcs can advcrscly 3ffcc1 reservoir s m n p  c3paciIy mil 
)her dcsign31cd uscs such as fishcrics and irrigadon. 

h g c  Ynounls of ra-ily tmnspmd hIl03d tcnd ~3 f i l l  
n p b m d  rcducc thc I q e r - s d c  1mturCshLxc i r n p u n t  
mrctxoffish habiut. Atvcryhigh nows.howcvcr.Lhc p l s  
nay k aourcd (c.g., CmpkCnI y d  Sidle. 19Sj). 

Thc t y p  and mount of bcdIo3d is YCT)' i m p m i  in 
lcrcmin ing dtc mount olmicrohabiut amilablc forjuvcnilc 
ish and macroinvcncbnlcs ( S d o n  5.6. I). In gcncr~l. 
mscr m a m i d  providtx morc hbim1 spxc,  whcrcs finc 
cdimcm tcnd to fill up thc inkrstikd spccs lxc'lwcr'n 
q c r  p3njcIcs. Finc scdimcnt i s  usuJty dcfinud as py' 
iclcv ~ 0 . 8 3  mm in dixnctcr, but somc siudics h v c  uxd 
alucsorupwG.4 nrni (Evcrcst C I J ~ . .  19S7). fhrdcposihn 
f finc Ysdirncnt rcduccs lhc Iubimlspxc for young fish ml 
quatic m3croinvcmbr;lks (Scctions 5.6. I ,  7.3. and 7.4; 
:vcrcst ct d., 19x7). 

TIC dcpxirion or lhcsc fincr bcdluxi rnrrucrids (c.g., 
md-sizcd p;yiIcIcs) also ha5 h e n  shown IO 3dvcrxZ't!. 
meet gr3vcl pnncability and thc wimhilily Of lhc p y d  

)r spwning salmonids (c.g., Evcrcsl CI nl.. 19S7: lislt. 
9x9). A Iowr pxmcabilily u m d l y  rcduccs Ihr cunccntrJ. 
on of intcrgr~vcl dissdvcd oxygcn (Scctirln 2.41, and this 
ui bc dircctly rciulcd to wlrntlnid spwaing SIICCCSS. and 



Part I I  

h c  numbcrmd diversity ofaquilic invcncbntcs (Chapmar 
and Mctcod. 1987). 

As stqgestcd dmvc. lhc deposition of Ixdload has ar 
advcrsc: c f k l  on rcscrvok capacity and can dog up imiga. 
lion and shipping cknncls. H u n W s  of rniIIions of dollars 
mspcntinlhc U.S.cachyur torcmovcscdjmcntdcpsi&d 
bchind dms and in thc lowcr mchcs of rivcrs and cshmrics. 

Effects of Management Activities 
Thc c f k t  0Tforcr.i rnmagcmcnt activiucsson rhcavaib 

abiIily and mnspon of ~ I o d  has k n  show u] mngc 
Trom scvcrc (c.g.. Mcgahhnn el al., 1980) 10 M significant 
dilfcrcncc (Moring. 1975: Shcridm nal., 1984). pan ohhe 
obxrvcd variation in cffccts is duc to thc lypc and intensity 
or mansgcmcnt. In sourhwcst Orcgon. lor cxampIc. 
chrcuiting was found m approximatcly doublc Lhc bcdlmd 
yield as compared to a control wakrshcd, whilc p ~ c h  wd 
scIcccdon CUE had no appmcnt clfcct ( A d a m  and Suck. 
1989). Thc m g c  of crosion and scdimcnt mspn pro- 
ccsscs opcnung in thc Pacific Norlhwcst and Alaska is 
anothcr -on why widcly dillcrcnt rcsulls shouId k cx- 
w k d  from diffcrcnt swdics. and why simplc gcncraIiza- 
tions cannot k madc h u t  thc clfccrs of managcmcnt 
aciivitia on Mload (Swanson ct id., 1987). 

As n o d  in S ~ t i o n s  4.1 and 4.2, forcst hwvcst can 
incmsc crosion mcs by gcncnting ovcrhnd flow on corn- 
pamd wus. incmsing the n u m k  of s l o ~  h i l u m  (c.g., 
ICC, 19S5; Mcgahan and Bohn. 19891, and incrmsing h e  
rxc of dry nvcl  and soil crccp (c.g., Zicmcr. 1984). AI- 
rcntions in thc mount of hrgc w m l y  debris (LWD) in rhc 
s u a m  chmncls will alter thc gdimcnt stomp u p c i t y  in 
b c  m u m  chmnel(Scdon 5.7: Mcgahan, 1982). Rcrnoval 
of LWD, or a rcduccd mu: of rccruiimcni of LWD into Ihc 
summ chmncl. can m u I t  in an appwcni i n c r w  in d i -  
mcnt yicld a l  Lhc moulh of Ihc basin (Mcgahm, 1982), cvcn 
though thcrc may Ix no nCt changc in rhc ra~c ol scdi icnt  
dclivcrcd 10 thc s t r c m  chmnc1 from upsIopc. 

'Road consuuclion and road rnaintcmncc can incrcmc 
ihc mount of bcdload by crcnring ,mas prone IO surlacc 
runoff (Rcid and Dunne. 1984).alunng slop subililies in 
cut and f i t1 zms (c.g.. Mcgahul. 197Q.md duringdninagc 
paicms in waysbai tcnd to increm Ihcnurnbcrolhdslidcs 
and dcbris flows (c.g.. Mcgahm ct al., 1978; M c g h n  3nd 
Bohn, 1969). Similuly, gnzing CM incrcsc thc mount of 
overland flow and dccrcm bank stability (SccLion 5.8; 
GifCord, 1981). Sand and gnvcl extraction wilhin rhc 
summ chvlncI wil1 dicr thc c k n n c l  hydnulics and prob- 
ably tausc a shon-tcnn incrcasc in Wlmd mspon unlil 
ihc summ rc+xablishcs a swblc chmncl. Longcr-rcm 
cflccu of a d  and gnvcl cxmction arc difficult 10 prcdicr 

Thc rnzicFi31 c d c d  or dcwchcd by lhcsc diffcrcnt hill- 
s l o ~  cmsionf proccssscs must Lhcn bc dclivcrcd IO thc 
stram channcl and msponcd by thc smm bclorc i~ can 
hc m c 3 s d  as bcdload. O f m  significant amounts of 

malerial can k sLorcd in Lhc clwnncl (Diern'eh ct af., 1982). 
In s m s  dmining the Idaho barholhh. for cxmplc, 15 
iimcs more scdimcnt was s t o d  in h c  chmncl hm wa 
dciivercd out or thc b i n  on an annual basis (Mq&,,, 
1982). Whcn cvduating Ihc irnpclof rnmagcmcnL activiha 
on bcdhci, ow must also considcr whcthcr Ihc m a r e d  is 
c o m p s d  ofsill- and clay-sized Pytidcs, which probably 
will bc mspond as suspcndcd d i r n c n L  or coarscr p;u- 
ticlcs, which wiIl& ~ a n s p o d  a~ M I & .  

Exknsivcmdics on thcSouth Fork of hcSalrnonRivw 
in Idaho h a w  ancmptd to link rhc cffeets or lotcst man- 
agcmcni and mad building 10 an i n c m  in Wload and thc 
quality or fish habiml. In h i s  b i n  thc combination or 
managcmcnt acl iv ir ia .crdblc  soiIs. and scvcrc slorms has 
rcsul id in cxmsivc scdimcnmdon. Thc I q c  amounB of 
MIod rcducd p1 dcplhs and l i t d l y  burid many of 
the primc salmonid spawning and rearing a m 5  with sand 
( M C ~ A ~ .  1980; BOX 3. pgc  19). In ohm p a  or the 
Pacific Northwest, sludics havc dmurncntcd incrcascd 
amounu of finc scdirncnt in rhc bcd matcriai in mponse to 
forcsi lumcsi and &d-building ($mion S.6.1: CcdcrhoIm 
rial., 1981;Scrivencr. 1988). Howcvcr,vcryfcwpublkhed 
siudics h v c  aumptcd to monirot chmga in Wload 
mnspnmtcs duc m forcst mmnagcrncn~acuvitics. and then 
rclair: Ihcx:chmgcs to h c  dcsignaml uscsofrhc watcrbody, 
k ing  monirod. Thc paucity or such sludics has strong 
ImpIications wilh r c g d  LO rhc rchtivc urility of monitoring 
X d I d  Lranspon rnlcs. 

Measurement Concepts 
ThC maurcmcnt  of WImd rnm bc rcgardcd as dirfi- 

:dL Sampling dcviccs disturb thc flow in thc viciniiy of the 
ampler, and dais b i h a  thc sampIc [Guy and Nomm, 
t 970; EmmcN. 1980). Thc most common bcdioad sarn- 

ccungularorilicc wilh an atwhcd mcsh bag. Thc~rnplcr 
S phccd on thc sum bottom w i h  h c  opening facing 
IpSfrCm fora specified lime, and rhcscdimcnlcaughi in thC 

ncsh bag is dxicd and wcighcd IO gcta msport raic in m s  
Er unit umc pcr unit swzirn width (HcIIcy and Smib. 
971). Thc most commonly uscd dcsipn has a 76mm (3.0. 
nch) ~ U W C  o p i n g  and a mcsh s i x  for the smplc bas Of 
bout 0.25 mm. This has been rcpmcd u) hwc a catch 
rficicncy of a b u t  1.0 for panicks from 0.5-16 mm in 
iamcter (Emrnclr. 1980). SmpIing of hgcr b c d l d  
d d c s  rquircs a l q c r  m p l c r ,  and rhc u l f h  cffiCiCncY 
i Icss wcll known. 

B d l o d  vansport ram y a y  across h c  sucm cms- 
:ctionm rcprcscndvcsamplu should bc ukcn at W u f Y  
1tcm1s across h c  swam (Emmcu, 1980). Numcmus 
ludics. howcvcr, haw shown rhai Wlod movcs in irW* 
u Shccts or WYCS (c.g.. Bcschta. 1981: Rcid and Frostick* 
986). This=* bc duc to mignung dunes or bulfomSI and 
I unprcdicwblc CVUILS. such as b~ b d u p  of a 5- 

: 
.:r - 
.̂ '. . o  ding dcvice, Lhc Hcllcy-Smith sampIcr. consisls of a II;lrod 

, 

; 



5. CHANNEL. CHARACTERISTICS 

~ h c  v c t e r s  rdvicw~d in 'this chapler relaic w ~ h c  
shapc of rhc s w  channcl, thc stiUctllnl fat- wilhin 
h s m  channd, and ihc swbiIiiy of thc s~rc3m banks. 
Thcsc chvlncl characlcristics can bc monilarcd on di I l c m  t 
spatial sedcsand fm diffenntpcfspdva.  For cxamplc, 
bd mlcrial parrick sizc and cmbcddcdness cvJu;ut the 
surfxc of b c  mkl on a d c  of a few ccntimcurr. 
wh- a rhalwcg profilc evalu3tcs the topogrdphy of h e  
docpcst pan of thc on a s d c  of tcns or h u m  
ofmcms. Mcasmrncnlsofhabitat typc(c.g..pls.rifflcs. 
e=.) WCE p i o n d  by fish biologists asid sc usd to 
cvaluau: rhc qulity or fish tubita4 but h c x  mtxisuruncnu 
arc functionally ~claled IO thc p r r a m m  that might bc uscd 
by fluvial gcamorphologisu (c-g.. residual p o l  dcph or 
thc n u m k  ordcbris dams a d  by lygc woody debris). 

M o s ~  of the chmctcrisiks of s m  chnncls that 
might bc uxd for mmiloring ~ f e  wnvoIlcd by Ihc m c  
basic S C ~  of in lckt inE factors. Among the most imponant 
Of ! h c a  arc rhc amount and s k  of s e d h c n ~  thc dunlion 
and sizc of p k  flows, slop of the vallcy h ~ m r n ,  vdley 
h o r n  width, smpncss or lhc sidcslopcs, and hc local 
gmlogy. Somc of hesc factors CUI bc considcrcd consmt 
fora givcn si&, whilc thc factors hi do vary (dixhwgc mnd 
Rdimcnt) am rclatitivcly difficult Lo monitor(Chaptcrs 3 and 
4). S t r m  channcl cfimc~~ristics may bc advantageous Tor 
monitoring k m s c  thcir tempml variability is rchuwly 
low,anddircetlinkscurbcmadcbctwcllnobscrvcdchvrgcs 
and somc key dcsignatcd u x s  such as coldwater lishcrics. 

The i m p n a n c c  or thcst: controlling factors suggms 
th31 many of Lhc channcl chuacteristics wiIl h i v c i  sirnilv 
mp~nsc to rnmagcment activities. Somc of thc pmrncrcrs 
which YC mosi closcly rclsltcd include channel cross-s#- 
h s  (Scction 5.1) and clianncf widWwidth-dcpih ratio 
(SWion 5.2); pol pnmclcrs (SccLion 5.3) and thalweg 
Profile (Scction 5.4); and the brer: w m c t c r s  rchting to 

, I  

M material (pimicle size. unbeddaintss.'and s~rfacc vs. , .  

subsurfax k d  rnalcrid panicle six; Smion 5.5). In ~ O S I  
c w s  it is not noecssuy to monitor cach of thw cloxly 
rclatcd p3nmcm. and the setcction among thtx moniroring 
pyamctcrs will d c p d  upon Ihe pmicuhr cornbination of 
mylagcmcnL activities, hignaw uses, and site-specific 
condirions. Gcncnl rccsmmcndations arcdificultbccausc 
rclaivcly few w d k s  havc u d  channel chmctcristics as 
thc primary pari~nctcrs for monitoring management im- 
px1s on srrcams. 

Thc rclativcly low m p l  vwbbiliiy of chnncl chu- 
actcrislics r n ~  k bdaxcd against (1) rhc picnktlly Iwgc 
spatif variability, and (2) hc problem of scpmring man- 
induccd changes from changcsduc to natural cvcnm. Pmpcr 
sutisLid &sign c;~n hclp allcviau: both of h e x  considcr- 
atiwls.~dthemuchlowcrlrqucncyof~ptng wilIallow 
morc sitcs or m m  pmmctcrs ID k mwsurcd. In m v l y  
c a s  a mrnbinalion or s c v c d  chmnncl pyynclcrs may bc 
Lhc bcsi approach IO evaIu3ic and undcsund obxrvcd 
chngcs in thc s m  channcl. 

' 

5.1 CHANNEL Cms-sEcnoN 

0 e f i nit i o n 
A chmncl cr~ss-scclion is o toparaphie profile or the 

s w m n  bmb and s m m  bcd along a mnscct pcrpcndiculv 
to lhcdirccrion of flow. Cross-sx~ional dm m o b d n c d  by 
mmuring &stance and surhcc clcvadons along Ihc dcsig- 
mid m s c c ~  or cross-smtion. Thc cndpints of thc cross- 
Sccijon arc arbitruy. but rhcy should cxlcnd a1 Icst a h v c  
the cstimatcd bankfull swgc and prdcrably hyond thc 
ciirrcnt floodplain. IIchmgc ovcr timc is Io bc monimrcd, 
thc clcvaiion dau ~ U S I  lx rcltltcd to a pcmmcni bcnch- 
mwk. 



Part It 

Relation to Designated Uses 
A dccrcasc in channd dcpth and M i n e m  in chmnc 

widlh c3n have major advcrse c k f s  on Lhc biologiea 
community. A d w m i n  dcpth tcnds to rcducc lhcnumlx 
of pols (Btxhn and Plalrs, 1986). and this will rcduu 
c a i n  t y p  of fsh habitat. An increase in s m  widG 
will lead to an in- in ncf solar radiation and h i g h  
summa watcc rempwaturcs ( B a h t a  ct al.. 1987). The 
combimtim of shallower PIS and incrcaEcd molat radia- 
tion a n  g m t l y  afftxt the suitability of thc s m  Tor 
cddwatcr fisheries. An inc- in s m m  width and an 
i n c m  in Iighi pcncmtion is likcly to incrwsc p r i m q  
prodaclion. atbough his may bc p d y  offscl by a d u d  
input of o r p i c  debris inm the aquauc ceosystcm from b e  
riparian zone (Gregory cf ai.. 1987). 

An inctcvc in channel widh is achicvcd through bank 
cmsion and acwrcsponding incmscinscdimcnt inputs into 
bc strcam chnncl. h incrcax in bank msion is pm-cu- 
M y  imprwn~ h u s e  hc s d h c n t  is ddivcred d i r d y  
into the summ chmcl  (Section 5.8). Thc advcrx cflbcu 
of an inc- dirnent load wcre rcwcwcd in Chapter 4, 

An incruse in Ihc ripdan canopy owning duc to an 
i n c a  in strcam widrh can haw a scrics of advcm 
biologicd c k u .  Such an incrusc is likcly w duct Ihc 
amount of ripxian vcgcmtion, and this will rcducc b c  
ability of h c  riparian mne to cappolrc nutrients and xdimcnt 
(Sccuon 6.2). Thc npakm zonc is also a major sourcc Tor 
lvgc w d y  dcbris. an i m p o m 1  clcrncnr in p I  fomtion 
and hbiwt diversity in most fomrcd s m s  in thc Pacific 
Nonhwcst and A h k a  (Sccuon 5.7). 

' 

Response to Management Activities 
Forcst hvvcsf road building, road rnaintcrnncc. and 

ohcr mmagcmcni actividcs dm incrcaW: hc mount of 
d m c n t  d c E v c d  to the sum chncl .  Usually an kmsc 
in c o m e  scdimcnt will f a d  to an accumulation ofscdiment 
in thc d c c p r  of rhc s w a m  chnncl. If thc runoff 
rcmains unchanged, an unconstnincd s t r m  gcncrally rc- 
sponds by incrcving its widlh (c.g., Lisb, 1982; Gnnt. 
1988). AIhough Ihc magnihde o m s  i n e m  io widrh will 
bc affcctcd by thc vdfcy shapc and &c bank mavn'ais, LisIc 
(1982) obscwcd incmscs in wid& cvcn in consmind. 
non-alluvia1 m3:crids. Thus chmngcs in widlh or thc widrh- 
dcph d o  wn k uscd as an indimor of a c h g c  in thc 
r c l ~ t i v c b ~ b n ~ e b e ~ w ~ c n  rhcscdimcnrloadandthesediment 
mnspon CapciLy. 

G m t  (1988) nokd bat  an incrwc in chnncI widh 
3193 could r w l t  from an incrcm in rhe sizc of p k  flows. 
As shown in Sccrion 3.1. incrascs in hc sizc of@ flows 
duc IO fors: h L x s f  gcne:3lly wc smdl cxccpt in urn 
subject 10 nin-on-snow cvcnls. This  additional mcchanism 
lor chmncl widening docs not prccludc h c  use o r c h n n d  
widh as a monitoring tdmiquc. but it dws sugpst that 

Measurement Concepts 
The determination of c h n d  width and c h e l  depth 

is problcm'cat becaw brh pamctea am f lowdew-  
dmt k p t h  mds tD i n e m  with flow ~ M C  rzlpidly than 
widrfi (DUMC and LcopoId. 1978; Lcopold and Maddock, 
1953). but this relationship m y  not bc constant at a given 
ems-sccuon. A s t m m  wilh a widc, flat floodplain, for 
cximpIc, will cxpCri~nct a suddcn b-c in width when 
thc flow ovatops b e  hanks and s p h  amss the flood- 
pIain. Thus thc monitoring of c h g c s  io width and dvth 
should be done a1 wificd didnrgcs and Iocitions. A 
gmmorphidIy b a d  dischaqc, such as ~er ivc  charm1 
widh ~t bankfdl widlh. is mostcomrnonIy u%xl but maybe 
rcIativcIy subjmtive. The m l h g  u n c d n t y  must be 
a c n  inm account when &wing irtfmnm from the data 

Cross-section loxiion will alrm thc widthdepth nlio 
and. as nomi in Scclion 5.1, hc scnsilivily 10 change. For 
cxampIc. strmm widh and widlhdcpth d o s  uc likdy 10 
diflcr amss rimes. sharp bcnds, and pools. Thk variation 
can be minimizcd by mtxisuring w i d h  and dcplhs at a 
consistcntchncl form such as smight  rilfIcrmchcs, using 
avcnge deplh r a k r  than maximum dcprh. or by using 
avcngc v d w s  obmind from s c v d  dilfwnt cross-scc- 
tions. 

The scnsitivity of s m  width and widwdcph nth 
to mnagcrncnnt impws  and natunl cvcnls wil1 v v  with 
E- tw and Ia3 im~ A bedrock s m  in a s u p .  v- 
; h a d  vf lcy  will not ahcr its width in response u) an 
i n c m  in scdiment load as easily as a srrtxm in a wide 
valley with unconsolidated aIluvia1 scdirncnrs. Ctwnncl 
ihaF is aIso affeclcd by he rcbiivc proportions and a b -  
utc mounlsof WIoad md suspmdcd load (e.g.. Schumm, 
1960). S m s  wirh whcsivc mamials tcnd to haw m- 
'ow, deep chmnneIs, while stfwms in a m d y  or orhcr non- 
:ohcsivc subsualt tcnd rn bc widc and shdlow. 

Standards 
No standards haw k n  sct or pmpscd for changes in 

81rm width or widh-dcph ntios. 

h r r e n t  Uses 
Although a considenblc amounL of cross-stion 

an bc o b ~ n c d  from gaging stations. suwm invcntoia.  
nd ohcr studics. chvlncI widlh has not kc:: cx:cnsivC!Y 
scd as a monitoring mhniquc. Powcll(1988) dxumcnKd 
X: i n c w  in s m  widh hat ad in hh b c  c d u *  
nd thc intcnsc logging vmuncn~s on Cinsion C r d  in 



-tal 3ritish Columbia. Channel width and depth &ra 
have been colkted in mnjunction with the intensive, 

long-term monitoringdfonon the Sourh Fork of the Salmon 

Present cffonS by agcncies.such as the US. Foresf 
swicc tokrvcnroryf& habitatandsm channclmdition 

. ~ i v e r  (Box 3, page 19; Torqtlemada and plaus, 1987). 

&odd g-te a large amount of s~ width and width- 
‘depth data It remains to be g#n how we11 these partiEular 
paramems can dtfme suwm condition and monitor man- 
agement impacts. 

Assessment 
- 

O n - k - p u n d  measuremenu of channel widhs and 
widthdepth ratios have the polential of k h g  relalivcly 
sensitive indicators ofchangw in the size of p k  flows b d  
sediment yields. ChanneI widh and widthdepth ratio can 
bt =la& to Ihc valut ol S ~ S  for fish and nxreation. 

Dcfining channtl width and depth in h e  field is mt a 
trivial pmblcm. For lhis rwOn it is k . 1  to monimrcbnt1 
width at a serics of cross-mtions. Use of geomorphic 
idicaaton such as bankfull widlh OT Z&VC c h m t l  widh 
must k done wirh great m. as thtst tcnd to be subjective 
and a major nrnofltvent can altcr h e  channel ems-scction 
and make idmtifmtion of hankfull fmurcs qocstionable. 
Delerminingwidlhanddepthatastan~diffhagcmaybe 
logistidly difficult unfm ir is donc at an existing gaging 
staiion. The problem wilh using gaging sralicas as monitor- 
ing tmtiom is that hey uwllyarc p W  ai gcomorphidy 
s~lclocauonsandarcrcladvelyinscnsili~c~ mmgcmcnt- 
rchd c h g w  in c h n c l  form. 

Mwuring c h n c l  width M widdddtplh nuos also 
s u f h  from the nmc basic limiwtion as any olhcr ins- 
mwsure--namcfy, that i l  does not providc any infomuon 
on rhccausc oran obscrvd changc. Hcncc mmitonngdata 
must bc combined wirh information on rnmgcrncnl ac- 
tivitics. storm evcnls, and scdimcnl sourns (c.g.. roads. 
dcbris flows,lur&fidcs.wabr~down ofdcbrisdms). As 
n o d  m6u, onc also has m put hc chmga obscrvcd lrom 
arclativclyshon-tcm monimringpmjrxt inLo Lhcconlcxlof 
hgcr chvrgcs such as cxtrcmc floods or major scdirncnt 
inpuu. Only with this addiiianf information can thtcffms 
of forcsr rnmagcmcnt bcgin tn bc dcciphcd. 

FindJy, the mgnitudc and nte of chmgc in channel 
wid& and widrhdcpth nlio will dcpcnd on faclors such as 
thc slope of thc strmm. the shpc of thc valley botcom. thc 
bank and M rnscrids. and Ihc r&cm nood hhory. Al- 
h u g h  this may m f c  it difficult ul csublish spccific 
sllvldsrds. i t  should not m x k  gcncnl vcnds. Thcx consid- 
Cntions also indieatc lha~ long-tcm mmurcrncnts 31 various 
hations within fhc wafcrshcd arc nccdcd for rdquatc 
monitoring. 

5.3 P o a ~  PARAMETERS 

Definition 
Pools ean k defined as sections of ?he s m  channel 

that haw a concave profde along the longitudinal; axis of the ’ 
s m ,  or as a m s  of the s m  channei that w u l d  contain 
watu even if tkrc  wtrt  no flow. This means that the 
maximum depth of *Is is d e e p  than h e  avemge thalweg 
d e p b  and water velmities at low flows often arc lower than 
the average vdwi~.  Pools arc an important component of 
Ihe aquatic habimt, and they can k dass&d and measwed 
in several different ways. 

Pools usually are classified by the prmxs rhat ercated 
the p l  (e.& undercut bank, debris dam. b v e r  dam, 
pIungc p l ,  ex.). This classifzcau’on is uscful for evaluati 

- ing rht abundance and type of fish habitat ( B i w n  er al.. 
1982), although the various categories of pt: and oher 
habitat types have not been standardized (Scco’an 5.5: 
Plate. 1983). Ncvcfiekss. h e  nurnkrand typc of p l s  in 
a pdcular  rmch couId k enmcrad.  and changes ovcr 
time could tc monimcd. 

More commoniy the deph, rcsidlwf ckcplh, voImc, or 
area of p r S  are rncasud. and thcsc rneasurcments can be 
used zi monitoring -em. Pwl dcpth an bc cilhcr 
avcragc depth or maximum dcplh. Residual pool dcph 
=fen t~ rhc dcpth of thc pool MOW thc downstrtvn lip of 
thc pof (Le-, the dcpth of the watcr which would bc mppd 
in rhc pool if thcfc was no d i s k s )  (LLisk. 1987). Pool 
a r ~ a  rcfcrs to thc  IO^ surface arca of hc p d .  Bo& p l  
dcph and pool area will vary wilh diwh-c. w h c m  
rcsidual pod dcpth is  nor disehargc-dcpcndcnt 

Relation to Designated Uses 
Pools arc an imporwnt morpho~ogial fcmn in sumn 

chnnds and an csscnlial t y p  or fish habiwt. In  gcned; 9 

varicty of pool typcs arc d c d  to pmvidc thc nngc ol 
habitat n d c d  by dilrcrcnt s p x k  and agc classes of fsh. 
Slowmoving dammcd or backwatcr PIS may bc ncccs- 
sary for dmonid survival undcr h a s h  wintcr eondilions. 
Dccp undcrcut pools may providc prowlion lrom high 
tcmpcnturcs. Young fish may rquilr: shallow, low-qudity 
p l s  to avoid prdation. Psnicularly in smaller summs, 
pools p v i d c  Ihc majority of thc summcr rwing h a b h  
(Bcxhn and Phts, 1986). Pools also may bc imponan1 
silcs for rccrcationf activitics such as fishing and swim- 
ming. 

Response to Management Activities 
Tho% pools chuactcrizcd by low flow vclociucs (c.g., 

bxkwatcr or dmmcd pools) arc pmicularly susccpliblc 10 
infilling with scdimcnt. Hcncc h c  dcpih,wm. dr volumc of 

I 
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h s c  pools can s w c  as a rcfativcly scnsitivc indimlor of 
changcs in rhc c o a m  U-rncnt  l a d  duc to forcst hmcssl, 
mad building and rnainLcnancc, mining, or other mmgc- 
men1 acdvitics. On thc South Fork or bc Salmon Rivcr 
logging and road rnaintcnanct causcd an influx of sand- 
sizcd material lhat fillcd in many of thc prime saImonid 
spawning and r i n g  a m s  (Mcgahm ct al., 1980)- 
. Changes in pool arm. p i  vobmc, or midud p I  

dcplh dm can bc caused by chmgcs in thc fcatllrcs Lhar 
craze ~ l s .  Thus a duction in rhc input of large wwdy 
dcbris may Icad IO a reducuon in tfie n u m h  and size of 
pools (Sation 5.7). SimiIarly, a changc in be size or 
frequency of p k  flows wiIl alkr h e  ability of the smam 
to msport coam scdimcnt, and this may a l l u  pool m a -  
SurCmClIts. 

Thc total arm dcpth. or frequcney of wls may not 
always be a rcliablc indicator of advcrsc management cf- 
fccrs. Streams immodiatcly downs- of =live ghcicrs. 
for example. usuaIIy art braid& and havc lidc or no p l  
anas. tandslidcs. dcbris !lows, and olhcrmass movements 
rypically rcsuft h a 10s of pool md volume, and thcs 
p u l d  inputs of scdirncnf may or may no[ bc criggcd by 
rrunagcrncnt actividcs (Swanmn ct d., 1987). 

~ 

Measurement Concepts 
Pool dcppth, pool arm, and p l  vofumc are all dircct 

physical mcsurcrncnts, and thcy am rciauvcly simple to 
d e  in small s~cams. RCXCIYL publications have c n a w  
agcd Ihc u~ of visually cstimaung Lhc width. dcph, or arm 
or p l s  within a strcam rcach. and hcn  adjusting LIIX 
visual cstimatcs for any systmaric bias by masuring a 
certain prccnlagc of Lhc p 1 s  -kin and Rtxvcs, 1988). 
fn lxgcrslrmns wilh dmpcrpls.dircctrnc3surcrncnuarc 
considcnbly more difftcult Also; a &cs of conceptual 
problems in making pol  measurcmcnu must kconsidcrcd 
~iorccmbarkingonaclassi~cation ormoniroringprognm. 

First. it may bc difficult to dctcrmine cxxtly what 
constitutcs a pool. Large. stilI pools arc easy to classify, but 
rhc changc from pools to nrns or glidcs is onc p i n [  on a 
continuum. Platts ct al. (1983) round a consirtcm obscrvcr 
bias when masun'ngpi arcasdong strcm cross-sections. 
This consistcnt bias raultcd in a rclarivcly nmow 95% 
confidcnce intcrval for he daw (kl O%), but mr ycar-m- 
y w r  accuracy and prccision. 

A sccond probIcm assaiatcd wilh pol r n a u r c m c n t s  
is tha1 pool dcplh, pool arca, and wl volurnc arc all flow- 
dcpcndcnt An incmc in sktgc wiU inertax the valuc of 
thcsc pmcfcrs .  Although this may not bc a probbm in 
summs with a consislcnt summcr bascflow. i t  docs m a n  
~ht smgc or watcr dcprh must bc rccordcd and mkcn into 
account whcn amlyzing thc dam. Thc advanugc of rcsidual 
pool dcprh is that it is indcpcndcnt of dischgc (Lislc, 
1987). 

Similarly, the classificarion of p l S  and othcr habir;lI 
typcs is stagc-dcpcrtdcnt. but this f x t  is oltcn igp- 
(Stxtion 5.5). A1 highcr flows a p l  may b m c  a run, or 
a pocket warn may k o m e  a riffle. Hcncc any summary 
s m i s h  on pml-riffIc d o s  or the frcqucncy of pwl types 
also must considcr rhc dkharge at the h e  h e  data wtm 
coIIected For this rcaSon comparisons ktwccn stmeys 
must bt done wilh c x m t  caurion. 

Standards 

l ishd or pmposcd. 
No standards for any pool paramctcrs havc k e n  cstab- 

Current Uses 
- Mostsurvcys of fish habitat or su~am chmncl condition 

have ulifizcd %me m a w e  of pool arca, Icnglh, dcpth, or 
volume. Many of hcst surveys also idenufy thc primary 
c a w  of m c h  pol. These data are &en uscd 10 gcnmte 
summay statisticson Ihcpool-rifflerado,~iar~,orpool 
volume per unit lcngth of s t r a n  channcl. Tbc cxpccntion 
is hat subscqumt survcys shodd k ablc to dctcrmine 
whclher subsrantial shirts have aced in d~csc vaiucs. 
A l ~ c m t i v c l y ,  one couid monitor changes in individual 
p l s .  but this approach assumes lhar fhe PI-forming 
stnztur~ is c ~ n ~ f a n t  in timc. Studics of woody dcbris in 
sllcams indica= thst b e  Iarger pieecs arc rchtively stable 
[ScdclI et al.. 1988). bui it would k prudent m moniror af 
[ a t  sevcral p l s  of as many diflcrcnt t y p s  as posshle. 

Pool paramclcrs probably are most uscful in alluvial 
:hnnels. Studies of s t m n  channcl dcvcioprncnt faflow- 
ng rhe Mount SL Hciens caption indicaE that in many 
achcsa nffic-pool gcomclrydcvclo~afrcronly acouplc 
if y w  (Mcycr and Maninson, 1989). This suggcsrS b a t  
mls couid be used for monitMing evcn under relalivcly 
iigh scdirncnt loads. Pml puametcrs are unlikcly U) be 

4ssessmen t 
In many s u m s .  pool p m c l c r s  havc considcable 

rorential for monitoring. Decreases in p l  dcpth or Wi 
rolumc m y  be rclativcIy sensirivc indicators of logging- 
nducd changcs in thc coarse dimcnt Imd or h c  six Of 
IC& flows. Since pool pmmetErs have noi k n  extcn- 
ivcly monimrcd in thc PSI. there is litrlc doeumcnauon to 
ruidc lhc selcclion of a pmicuIar pyamcm. Rcsidual Pool 
,cpth docs havc Lhc advantage o l  king indcpcndcnt Of 
iischxgc. Rcsidual pool deplh alsu may bc Lhc mOSI 
cnsitivc pool pYYncrcr, as an increw in cousc scdimcnl 
E likcly to first dfcct p l  dcpth. Monitoring pool pyzLm- 
teawill kmostuscful in l o w o r m o d e n i ~ g n d i c n r s ~ ~  
1 d h v i d  valleys (Evcrca ci al.. 1987). 
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hat includc subscu of thc major habitat t y p  (riffla and 
PIS) because this marc: dctailcdckification syskm may 
provide morc hsighK into the suitabiiity of thc SM foi 
dif fcml  fish spceics. 

noted tarlicr, habimt composition v d t s  wilh dis. 
charge, and his must be considcrcd whcn undertaking 
sum sweys. O b w c r s  shwld bc given similar vaining 
in order to ensure consistency. Repctitivc surveys shouId be 
conducted by fhc same pcoplc whcrcver possibk in order 10 
climinatc any bias ktwccn swcyors. If specific habitat 
units am k i n g  monitom!, particuhr cart must bc givcn to 
dching tht boundaries bctwocn adjaccnt habitat units, as 
dcrnarcahn cmrs will d u c c  he accmcy of thc p m -  
d u m  and hcncc thc ability to & u t  chmngc (PIatts ct al.. 
1983). 

At this point rhcrc arc litrlc or no d m  to indicalc 
whcthcr it is k t  to monitor individual habiwt units or to 
utiluc summary statistics for a strcam mch. Some rc- 
swrcItccn p i t  b a r  changcs in thc q u c n c c  of habitat units 
may bc me of the most sensitive and fcvcating monitoring 
tcchniqucs that can Ix dcrivcd from habitat unit surveys. 

Standards 
Currcndy Ihtrr: are no regularim or sfandxds for habimt 

cornpirim. In m e  National bmts pI-rifllc ratios arc 
king monimcd. and a d d h c  in thk ratio is considad an 
adversc managcment tffczr Oftcn a @-rime ratio of 1: 1 
is considcrcd optimal, buL thc r i m i d  limiurc suggcse lh3t 
his is highly variable among s m s  and Tsh qxcics, and 
should not bc utiiizcd as a sandard Ph!s ti at.. 1983). 

Current Uses 
An inventory of habimt uniu usually is cnnducwl IO 

asscss the suirability of the sLmm for fishmy fcswrctx. 
Unfonunjdy,”idcal”condirions arc difficuh u] dcfm &d 
arc Iikcly IO vary widcly according u] Lhc fish spccics of 
intcrcst, h e  flow rcgirnc, and olhw cnvironmcntal facmrs. 
Hcncc we may bc ablc to identify s B m  mches &ai  have 
clearly bccn impacted by land managcment activiiics and 
ofkr  poor quality habitat for salmonids, but it may not bc 
possiblc to clcarIy rank sucarns classifid as “acccptabh.” 
Thus one bcncfit of conducting habitat smcys wilI k a 
bcicr undwsmding of the cxisting variability of habitat 
unilsamong sfrcams. To the cxtcni that fish ccnsus d m  are 
available, and olhcr factors such as rshing prcssurc can k 
accountod for, it shouId bc possible to h e r  define “idml” 
habitat condirions. 

Uu: of habitat unils formoniloririgcnvironmcndch~ngc 
has noi bccn cx tcnsively tcstcd b u s t :  of thc pauciiy of Iong- 
tcrm dara Extcnsiw svwm survcys Lh3~ cstimalc or mmsurc 
a h  habint unit only mcntiy twvc bccn iniblcd in Wash- 
inglon, Oregon. and Idaho by agcncics such as thc US. 
Forcst Scrvicc. Much of thcdaa havc not yct bccn analyzed. 

but thc m l t s  arc c x p t c d  to k u m c n t  a lygc mount or 
variability in u n d i s W  s m s .  Suhsqucnt s w c y s  will 
be necdcd to delermhc what level of changc is xapfabIc and 
how to distinguish c h g c s  duc to land rnmgcrncn t &vi tics 
from changes duc ta c a w  A fcw r c p ~  s m y s  
havc at h r  indicalcd that s w c y  dm are conskcn~ (S. 
Ralph. Univ,of Washington: D. Bami.Gifford Pinchot Nad. 
Fomt: and G. Luckti, King County. WA. pcrs. mnm.). 

Assessment 
Habitat unit surveys provide a uscful. qmtitafivc char- 

acicrivrion of stram chmncls. AL his point. howcvcr, our 
abiIily to classify and mcasure habbiwt units probably cx- 
our capability io intcrprct the results. Thisshodd chvlgcas 
compmtivc data h o m e  avdIable and thc mulls of indi- 
vidual survcys arc linkcd to land mamgcrncnt activities. As 
wirh olhcrgcornorphic pyamclcrs, it may prove difficuh 10 
scpmte land 1w: cffccts from Ihc cffects of mtud cvcnls. 

Habitat unit suwcp may bc ~ ~ h t i v c l y  inscnsitivc U] 
land USI: pracu’ccs. A small mount of scdimcnnt, for cx- 
amplc. mighr significaanrly aItcr rhc bed material (Sccrion 
5.6) or rcsidwl p I  dcpth ( S d o n  5-31, but might not alkr 

. 

thc sizc of, or &os among, diilcrcnt h 3 b h  wiu. We 
should cxpcet h t  dilfcrcnt habitat mils wili cxhibii diflcr- 
cncGsboth in ~ i r x n s i t i v i t y t o c ~ g c . a n d i n  theirnxovcry 
n t e  onctchangc docs =CUT. Mon: expcricnee is nccdcd to 
dctcrmincifirisbcucr.forcxampIc,todircEtlymonitorpool 
pmmclcrs (Scction 5.3) or Iwgc w d y  debris (Section 5.7) 
mhcr ban habitat unirs. In vicw of this uncenainty, cmcnt 
cffom LO conduct largc-sdc habilat unit s w c y s  must be 
vicwed with some concccm. 

In summary. habitat unit survcys arc i m p o m t  to im- 
pro= OUT knowlcdgc of the rchtionship b c t w m  aquatic 
Mc, fish prmluction, and strum chmncl morphology. By 
h n  linking habitat dam to h d  USC activiucs and climatic 
cvcnts. wc can beucrdcfinc optimal conditions and suxcp- 
libility to change. At prcscnr. howcvcr, we do not havc thc 
cxpcricnccoadata to fulIy asscss Ihc potential of h a b h  unit 
suwcys as a monilon’ng tixhniquc. 

5.6 BED MATERIAL 

5.6.1 PARTICLESIZE DISTRIEUTION 
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Common variables include themcdian&Ic size ( d d  and 
tiM, which is the prkk diamckr equal to or faqa than 
.&I96 o l h  pmkles (cIasts) on the channel bouorn. The dsr 
and dlb are used to describe rhe variabiliry of the particle- 

. size distribution wound h e  m w ~  bteause they 8rt wh’ one 
standard deviation away from the mean when the data arc 
transformed onto a logarithmic d e .  , 

Another a p p a c h  to evaluating the M material is 
simply toes timate or rnea~urc the perccnl of h e  bed surface 
covered by fine parlidts. The size limit for fine @des 
will vary by l o d o n  and purpose orthe monitoring, but 
usually ranges bctwccn 2 and 8 mrn in diameter. This 
approach implicitly assumes Lhat fine sediment is of pri- 
may cmcm. and it is not nccessary’to determine the size 
dislribution of the C ~ S Y  bcd rnaterkls. 

Chapman and M c W  (1987) c~nc ludc  tha~ the fredle 
index shows some promise asa rnmsureorgravtl suitability 
for salmonid spawning in the Nonhern Rockics. The fFcdlc 
indcx is dcfincd as d&,. wherc d, is thc gcomeiric mcvl 
particle size, and st is the geometric standard dtviatioo 
(btspeich and Everesc 1981). 

Relation to Designated Uses 
Thc particlc sizc of thc bxl rnakrial dircetIy dkrs rhc 

flow mismcc in thc channcl, rhc stability or thc bcd, and 
the amount of aquatic habiWf (Bcxhta and Phu, 1986). 
3e~ausc thc flow rcsisuncc is one pmof Ihc ovcdl  cncrgy 
Ioss in s m m s .  Ihc m a n  particle six can k rcblcd IO rhc 
olhcr faclors thai conlrol cncrgy Ioss in srrams such z. the 
s m m  p d i c n t  (Hack. 1957) and thc sinuosity. 

Although a k t  rclationship exkrs belwmcn h sizc of 
Lhchxlmatcrhland Ihcswbilityolthc~,olhcrf3c~sllch 
~~csiopc.dc~.localturbulcncc.andbYlkch~c~CTiStic~ 
will dfcEt w h c h x  a pdcular  Pyriclc will h moved Thc 
frqucncy or bcdlmd vansport is of criu’d i m p o m c  for 
fish spawning and rhc olhcr organisms utilizing h c  s m  
b u o m  for covcr, fvging ,  or as a subsmc. 

Thc sizc of h c  bcd matcrial a h  conwok Lhc mount and 
t y v  of habitat fw small fish and invcncbmlcs. If Ihc bcd is 
corn- sdcly of finc mmcrids. thc spaccs bctwccn pu- 
t icla rn too smdl for many orgmniuns. Cmrw mstcrids 
providc a vyicty of small nicks im-t lor smdl fish- 
mpcidly juvcnilc drnonids-and bcnthic invcncbnks. 
Corrrscr malerhls also h v c  rnm inlcrflow brough thc W, 
cfrccljwly cxpmding Ihcsuiwblc h b i m t  for bcnthic inxnc-  
bram and orhcr organisms down inlo h c  svcm Id. and 
hciiintingsdmonid rcprducu’on. Phtu CL al. (1979) found 
3 claw rcbtionshipbciw~npcomcvic m a  panicle sircand 
gnvcl pcrmcability. Hcncc a dccrc3sc in Ihc median pvticlc 
sizc of bxl rnalcrid wiiI dccmsc thc pcmcabiliLy ofrhc bcd 
malcrbl, and this will End ro dccr- intcrgnwl djssotvcd 
oxygcn (DO) conccnv;ltions. Evcn a small, dcelinc in i n w -  

&ins, and inmbrareS (Saction 2.4). 

Effects of Management Activities 

ing effect of fama managementactivitics is tQ d a w s e  the 
One o W t  m a t  wmman and pmbbly the most damag- 

m ~ M m a ~ ~ ~ F ~ ~ d ~ d i n g  
andnaaintamce,andpkaninhgdItendtoinaeasterosion 
and scdimtnt dtlivuy eates (Swan- et d., 1987). Most of 
the mate& reaching thc smam channel ns a resulLof human 
~ t i v i ~ e s w i l l k d - s b d o r s r n ~ .  lhe&positionof this 
mattrial in tItcs[ream ChanneI then hasa stn’es ofadverse 
effects (Chapter 4; Evutst el J.. 1987). 

ntre is some evidence that an i n m a d  Btpositi~~ol 
fme rnatwia~s may b~ partially self-pcrpetua~g. in some 
cases be onst of Moad msport is delayed whcn the 
inierstirial spacw are iiIled with Tie sdimmnt (Reid et al.. 
1985). A reduced frequency of W o a d  oanspn thcn 
provides more opportuniiy for &e deposition of fine pr- 
ticks and fewer opportunilies Tor zincs to bc washcd 0u1 
during high flows (Besehta and JX~SOII, 1979). 

Measurement Concepts 
T h c c h W o n o f M r n a r e r i a l h a s b e c n  Lhesubjact 

of Considmblc study. Pcbblc u3un~s are ufcd to dcvclop a 
pwticlc sizc dismbution lor the bed surf= marcn‘al. whilc 

buuon in he surl3ce or subsurf=. The scloction of a 
musmmcnI  urhniquc dcpds on thc fne and quiprncnl 
available, as wcll BS on h c  &jccti~cs or the mpling. 

Pcbblc counts arc a sysmat ic  mchwl of sampling h c  
marerial on h c  surface ol h c  smam bcd (U’olmw, 1954). 
Tj@wIly a grid or mScct is csoblishcd, and thc siza of 
100 or mofe pmiclcs arc ubulatod to establish a frqucncy 
distribution. Since a h  m p l c d  p d c l c  xprcscna a 
p h o n  of thc bcd surfacc. Ihc frcqucncy disuibulion rcprc- 
Xnts Lhc pcrccnL of thc strcam l x d  covcrcd by pmiclcs of a 
ccmin si72. and not h c  pcrccnt by volumc or wcight 
fvrielcssmallcr ban 2 4  m m u c  dilficuh to mcxurc  in rhc 
ficld and may bc clxsifiwl only as Iincs (Wolman, 1954). 
O h r  StudicS cstimatc thc s i x  or fine pmiclcs by fccl or 
compYison 10 rclcrcnccsamplcs. Pcbblc eounls arc simple 
and npid. but h r c  may bcsomc bias against sdccting wry 
small or wry tugc pmiclcs. 

A sccand approach to dclcnnining rhc pdclc-sitc 
disuibution of thc kd mawif i s  by obwjning and sicving 
bulk synplcs. A McNciI umplcr is thcmostcmmon mmns 
io obuin a bulk smplc.  Thc McNcil ampler is a mcml, 
iubc-shapcd dcvicc bat is drivcn inlo Lhc slrcsmbcd IO thC 
dcsird smpling depth. Cmsc matcri31 within thc m p l c  
t u k  is cxmctcd by hand. By capping rhc tubc whcn 
cxmcting thc corcr most or Lhc finc scbrncnts arc rcwincd 
’McNcil and Ahncll, 19H; Phlts ct al., 1983). Thc othcr 

bulk S ~ P I U S  ~ s c d  to &lmint Ihc pvlidc S~ZC diSPi- 



majortcchniqw: toobtaina bukmptcistofmzcasampf 
ofthc bcd marerial using liquid C& or liquid nitrogen. Ttrr 
frozen mplc is hcn rhawcd and sicvcd in oykr to &tail 
t.kparticlesizc distribution. Oncmajor advanwp of frotci 
corcs is that ihcy rctain rirt v c n i d  svucturc in Yc samplc 
Lhcrcby pcrmiUhg cmpari~ns k t m n  panicle-sizc dis 
tributions at diffcrcnt d c p h  (Sation 5.6.3). et a1 
(1983) discuss both rhcsc techniqucs in dctaiI yd concludc 
hi (1) ntithcr the McNcil mpIcr nor- he 6.cac cm 
tochniquc is adquale when substmatt pm'etci larger thar 
a b u t  25 em are p m n t .  and (2) ncithcr takes a mmplmIy 
rcprc*nrarivc mpIc .  

Onc difliculiy with cvalualing thc exensive limturc 
on bcd maicrid panicle sizc is h e  v&arion in thc systcms 
used toclassify p;uticlcsizes. Some invcstigmrs havcuscd 
many sizc classes, whilc others have uscd as few as six six 
c m  (Platts ci al.. 1983: Chapman and McLeod. 1987). 
h c h  sizc class can bc assda!cd with a qxcific t m  (c.g., 
smd. gravel. coobbIcs. bouldm). but thcsc tcm arc not 
necessarily consistent ( P p l a l l ~  et al.. 1983). The most c m -  
mon classifidon systcm in lhc U.S. is p n x n m l  in Tabk 
9. A classificadon commonly uscd in thc scicnlific liicn- 
ture is the phi indcx. whcrc phi = -log2 d, with d k i n g  h e  
p d c b  dimctcr in mm. Uscof thcphi hdcx nomalLcs thc 
pYticIt-sizE distribuuons 50 hcy can bc analyzcd using 
p~evicsutisticsandploitddirrcrIy onadhmcticgraph 
p a p  (Wolman, 1954). 

The d d o n  of Ihc sampling lcchnique should bc 
dcmnincd by thc objmtivcs of thc sampling. Chctu;za- 
tion of the lxd malerial can bc donc most w i l y  by using 
Wolrnm pcbblc counts or by rncasuring LIIC pcrccnr of Ihc 
kd surfam covcrcd by fines. McNeil core samples ,and 
frcrzc corn borh are uscful in =sing lhesuiabili1y of rhc 
subsrrart as sppawning gravd. Freezc cores can h uscd to 
d e m i n c  b e  &tion in h e  pYriclc-sizc distribution wilh 
dcpth. Comparisons between hc, surface and subsurfacc 
s3mpIcsmayindicatca change in thesedimenlload(Dictrich 
ct al., 1989: S d o n  5.6.3). 

Standards 
' Currcnrly lhcrc art no misting ot proposed standards 

for bed mtcrial panicle size. The statc of Idaho has bum 
considering thc use of pcrccnt of fincs on the kl surface as 
a critcrion, but this was rcjcctcd k r u s c  thc pcrccni of fines 
on rhc bcd surfacc could no[ bc d i r d y  linked to spccific 
dcsignatcd usm of watcr (Kamcy. 1988). 

Current Uses 
Bcd maierial: Pyticlc size has bcen &cd cxtcnsivcly in 

m h . s t r c a m  ciass5&on,mwn h v c n u x i w a n d s m  
monitoring. Somc monitoring pjkts havc succcssf~lly 
uscd visual csrimatcs or photognphic comparisons to esti- 

T a M  9. Claassifmtion of k d  material by wide Size (adapted 
from Phtts et al. 1983). 

' Size range 
Millimeters Inches 9' Class me 

Very large boulders 4,096 - 2,048 16 - 80 
Large boulders 2,048 - 1,024 80 - 40 
Medium boulders 1,024 - 512 40 - 20 
Sman boulders 512-256 20-10 
Large cobbles 256-128 10-5 
Small cobbfes 128-64 5-2.5 

Very marse gravel - 64 - 32 2.5 - 1.3 
Qane gravel 
Medium gravel 
Fine gravel 
Very fine gravel 

Very marse sand 

Coarse sand 

Medium sand 

Fine sand 

Very fine sand 

Coam silt 
Medium sip 
Fine silt 
Vary line sill 

karse  day 
Medium clay 
-me clay 
-. 

32-16 
1 6 - 8  
a - 4  
4 - 2  

2.0 - 1 .o 

1.0 - 0.5 

0.50 - 0.25 

0.250 - 
0.12s 

0.125 - 
0.062 

1.3 - 0.6 
0.6 - 0.3 
0.3-0.16 

0.16 - 
0.08 

0.08 - 
0.04 

0.04 - 
0.02 

0.02 - 
0.01 

0.01 - 
0.005 
0.00s - 
0.0025 

0.062 - 0.031 
0.031 - 0.016 
0.016 - 0.008 
0.008 - 0.004 

0.004 -0.0020 - 
0.0020 - 0.0010 - 
0.0010 - 0.0005 * 

Jew fine clay 0.0005 - 0.00024 - 

-12 - (-11) 
-11 - (-10) 
-10 - (-9) 
-9 - (-8) 
-8 - (-7) 
-7 * (-6) 

-6 * (-5) 
-5 - (-4) 
-4 - {*3} 
-3 - (-2) 
-2 - (-1) 

-1 - (0) 
0 - 1  

1 - 2  

2-3 

3 - 4  

4 - 5  
5 . 6  
6 - 7  
7 - 8  

8 - 9  
9 - 1 0  
10- 11 
11  - 12 

~ ~ 

. .I phi. ...I 

css rcliablc ban thc more systcmaric and quanliwuvc 
ampling mclhods {Chapman mnd M c W ,  1987). 

tscdtxmwivcly by thc U.S. Fomt Semi& to invcniory and 
nonitor s m  condition. but the raulting dam rcrnain 

i980). Gcncnlly visual u h n i q u c s  are less sensilivc and 
. I  . .' 

. , .T I  
: 'tj: 

. *.>A+ 
+ PI . *:E! 

BothpcbbIt counu and McNeiI core samplcs have tan 

argdy unpublkhcd, Long-lcrm studics m t h c  cffcctivc- 
icss of bcd rnaWiaI padclc rLc as a monitwing ttxhnique 
rc surpriShgly &, allhough a n u m b  of studies have 
avcstigated Ihe efkct  of logging on bcd matwid pyricIe 
ize wilh vaying results (c.g.. Plaits and Mcgahhan, 197% 
@ahan et al., 1980; Shcridan et' al., 1984; Scrivcnu, 
988). Robably much of this variatjon in rcsdts is duc 10 
Y diffcrcnt gcoIogics and sum chmclcristics. BCd 
iatcrhl @ d e  size is pmbably lcss approprim as a 
lonimring technique in arcas whcrc clays and sills Pn- 

matc parliclc s k c  or pcrcent fincs {e.g., Mcgahm ct 'd,, dornirwtc, or in vcry smp mdca strcams. I 



- 
Assessment 

Bed material pdck  size may have mnsiderabk p ~ # n  
isc for monitoring purposes as it appears 10 be relalid: 
snsitivc !o changing sediment loads (cg., Megahan et al. 
1980; Plau et d.. 1989), Additionat effort is needed u 
more p d s t l y  define he paramerer(s) to be m o d m d ,  u 
smghcn the link between bed surfaec partide size ant 
variousdesignatad uses,and LO delerminc the urvimnmmt 
in which a bcd material parameter is most udd. 

Thc selection of a bed matwial monitoring pmnaa 
should consider whethcr a complttt @de size dimibu. 
tion is~,orwhclhcrr~ingIenumbcr,.~asthed~oi 
vrccnt T i s ,  will sutr~ce. Chapman and M c M  (1987) 
mggtst hat gbomcvic mean pYricle size and percent ofthc 
Id surface wovcrcd by fincs should both bc u& IO &fine 
habitat qudity. 

Sampling Iccarims also nced 10 be c l d y  dcfined. An 
i d d  SampIing Iocation has 8 high scnsilivity to manage- 
mcntirnpactsand minimal rcsponst to natural tvcnts. Since 
the= twocritcria an: likcly tobc in conflict. dciailtd studics 
are n d  to dctcrmine Ihc moa appropriare mnpling 
1 0 e 3 U ~ ( S )  within a s m  channel. Some studics suggest 
h a t  pcmt fiics shouId bc cvdmml wirhin thc egg pock- 
CIS of salmonid fishes. as thcsc have thc Iowcst varhbiIily 
a n d  the m a t  dirm link to a dcsignatcd use (spawning 
succcssof coldwcrrshcs) (Chapman and M c M .  1987). 

Chapman and McLCod (1987) fcvicwcd he linkagcs 
k t w ~ c n  b d  rnstcnal pYticIc sizc and quality offish habi- 
mi. Lwgc amounts of linc scdirncnl c lmly arc dcvimcnd 
io mlmonid rcpduction and &ng. but quylblabvc rch- 
tionships at lowcr Icvct of finc sediment uc morc dificuh 

tionshipsdm arc likcly ul v y y  among ocorcgions.suggcsIing 
a n M d  lor vvying sondwds or cntcrb. 

in  =me arcis, bcd marcrial padck sizc may noi bc a 
useluf monitoring pmmctcr. S m p  hcadwalcr suwms. 
SLrmrns with a chy subsnre, and low-gdicnt ~ V C K  all 
may cxhibit lidc chagc in their bcd matcrbl p d c l c 4 r c  
distribution dcspilc r changing scdimcnt Imd. 

The timing of arnpIing nfso may alloct Ihc rcsults. At 
high flows rhc fincr pmiclcs lend to bc flushcd Or wshcd 
from acoardmldcd strcm. Hcnccsarnpling imrncdiavly 
aficr a high now may indicatc a coxxr s m b c d  surfaec 
h n  smpling dtcr B rchtivcly quicsccnt pcriod (Adms 
and Bcscha. 1980). 

Thcsc consninB in using bcd matcrif pyticlc sizc for 
monitoring may h alkviatcd by combining pyliclc s i n  
dau wilh olhcr channel panmcters. Monilaring of bcd 
mntcriaf pmiclc s i x .  forcxmplc, might bc donc on sclccrcd 

U) at3bIkh (EvcrCrrl CL d., 1987). ThCX q W t i U t i V C  ~ h -  

& F E R  5. ~MRACTERISTICS 

I 

Ihalweg piofit also simpliFics the problem of identifying # 

sampling si- In g&,a combination OItechniqUts wiU 
faEilitatccms-verificaion and our andemanding of stream’ 
response to management acrivities. 

5.6.2 EU8EDDEDNESS 

Definition , 

In s-s with a f a t  mount of fine scdiicni, Lhc 
coafsc~ particles tcnd to become sumxlnded or padally 
buricd by the fine sedirnenL As shown in Figure SA, 
tmbcddcdntsg quantitatively measums thc extcnt to which 
targcr particla art embcdded br buricd by line scdirncnt 
Thc mmsure was first u d  to q w t i r y  s t m m  scdimenra- 
tion in the 1970s and carly 1980s (Klaml, 1976; Kelly and 
kman, 1980). Sin= !hen rhc mcthod h s  undcrgonc a 
&cs of modifications and has k n  uscd as an indimtor ol 
Ihc qualily of ovcr-wintering juvcnilc mlmonid habiut 
(Munthcr and F~ank. 1986; Bums and Edwards, 1547; 
Torqumdaand Platts. 1988;Poiyondy, 1988). ?kc mcthod 
and its application conlinuc to t~ impmvcd and sbndwd- 
i d  by mmrchcrs in Idaho (Skille and King. 19S9) and 
Montana ( K m c r ,  1989). 

Cumntty vwiation exists in the suggcslcd minimum 
andmdmumsizcoirdstobcrnwsurcdand inlhcspccific 
k t u r c  king mwurcd. Most =hms dcfinc Ihc Itch- 
niquc as cobblc cmbcddcdncss, cvcn bough mmsurcrncnts 
typidly arc madc on all raks wih  a p r i m  axis kiwcen 
4.5 cni (vcry c w s c  gnvcl) and 30 cm (smaII bouldcrs). 
Torquemath and Plaus (1988) modificd h e  mclhod 10 
mmsure  mks as small as 1.0 cm, and thc inclusion of lhcsc 
smaller PyticIcs Icd thcm to usc thc tcm crnbeddcdnas 
athcr than cobblc cmbcddcdncss. 

lhc dilIicuIty in rnmuring cobbIc cmbcddcdncv md 
hc high varhbiIiry of individual rnmsurcmcnu haw stirnu- 
a t d  rcx;uch into B scrics of rclmxl mmurerncnrs. One 
IItcmalivc is to mtxsurc thc hcight of Lhc rocks a b v c  Ihc 
d sudacc. and this is t m c d  “;od frcc spacc” (Fig. 8D). 
2onecp1udly this is similar to W roughncss. and ii is an 
ndiwulrof the arm protcctd from thc curtent. Such w a s  
rrcjmpon;mt fish mring and macroinvcrtcbnlc habiur. 
his rncmmrncnt also has bccn tcnncd “living s p ~ c ”  by 
ikillc and King (1989) and “in~crskiti~ spacc” by Knnicr 
1989). 
To rcducc thc viuiabiIiLyasmialcd wilh mcmircrncnu 

rom individual pyticlcs. Knmcr (1989) S U ~ ~ C S K ~  hat thc 
DUI frcc spec from JI pmiclcs within a swificrl m p f c  
rca ( i y p i d l y  a 6 k m  diarnctcrcirclc) Ix summd and thcn 
ividcd by rhc ana ymplcd. This w3s tcrmcd thc ‘’inrmi- 
h1 space indcx“ (ISI), whcrc 

IS1 = Z D f I h .  

I 
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IDAHO PANHANDLE NATIONAL FORESTS 
MONITORING PAOJECf SUMMARY SHEET 

Type ot Monitoring: Effectjveness (Beneficial Uses) 

D 1st r I c t  : FOWSt-Wde 

Project Name: Validation of fish Habitat Trends 

Slte Locatlon: Spokane R i r  Basin above Post Falls 

0 bject tves: 

Parameters: 

Establlsh baseline fish habitat type occurance, f&qusncy,and distribu- 
tion In entered and unentered watersheds 

Habaat type, length, width, residual pool depth, residual pool volume, 
Rile Armor Stability Index (RASI), substrate, pool complexity, and 
stream temperature. 

Summary of Results 

With the exception of Loop Creek and Indian Creek aII tributaries in the St. Joe Drainage, on Forest 
Senrice managed lands above Calder, were habitat typed. Additional tributary streams in the Coeur 
d'AIene, Pack River, Priest River and Moyie River drainages were ako typed. Eight streams in !he 
upper St. Joe Drainage were determined to be unentered and data from them were combined and 
stratdied by stream order and channel type to provide a bask for evaluating any changes in habitat 
quality or quanity between entered watersheds relative to habitat parameters. 

An evaluation of data cotleeted from unentered and entered watersheds in the St Joe Watershed 
suggest the following changes in fish habitat have occuwd. In 'A' channels of unentered watersheds 
fish habitat is dominated by pocket water (55%) and mes (32%). Entered watersheds show a 
significant reduction in pocket water (9%) with an increase in ripIlo habiiat (52%) and braided habitat 
(1 1 %) in 'A' type channels (fgure 1). Residual pool voIumes and depths of pools in first order 'A' 
channels of entered watersheds had been reduced by 7% and 23% respectively (Flgures 2,3):In 
second order 'A' channels of entered watersheds residual volumes and depths of pools had been 
reduced by 22% and 27% respectively relative to unentered watersheds (Flgures 4,5). 

- 

In "B' channels major reductions of pool habiiat both in terms of pools by percent length of Stream 
and residual depth and volume were obsenred In entered watersheds relathre to unentered water- 
sheds. In entered watersheds, second order 'B' channel lineal pool habitat was reduced in length 
by 42% (Figure 6). Residual pool volume and depth were reduced by 51% and 17% respectively 
(Flgures 7,8). 

Physical fish habitat data from entered watersheds In the Coeur d'Alene Bash was evaluated by 
comparing it to physical fish habitat data from unentered watersheds In the St. Joe Drainage because 
data from unentered watersheds in the Coeur d'AIens are not available. Residual pool depth and 
volume.of pools in first order 'A' type channels of entered watersheds showed a 28% and 19% lOSS 
relative to pook in 'A' type channels of unentered watersheds (Figure 9 , l O ) .  Coeur d'Atene '6' WPe 
channels, in entered watersheds, .showed a complete loss of pocket water and a 50% loss of f ind 
Pod habitat (Ftgurs 11). Residual pool depth and.wfume In pools found in '6' channels of entered 
watersheds in the Couer d'Alene basin showed a 309& and 67% loss respectively relative to Pools in 
'8' ctiannels of unentered watersheds In the St Joe Drainage (Flgures 12,13). 

'. 
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To address the Implications of thee data i t  b important to digress for a moment and review the habitat 
requirements and ecology Of salmonids and the cutthroat and bull trout in particular. Habitat require- 
ments of cutthroat trout and bull t r u  vary by age and season of the year ,@& et al1991; Moore 
and Gregory 1989; Rieman and Apperson 1989; Campbell and Neuner t 985). Young-of-the-year fish 
initialiy seek stream margins with heterogeneous habiiat strumre; where this habitat is not present 
or lost, juvenile trout populations are virtually eliminated (Moore and Gregory 1989). Dolloff and 
Reeves (I 990) reported the young Dolly Varden (Salvefinus malma) most frequentty used woody 
debris as cover. As fish grow larger and mature tfiey seek out deep water habitat types such as pools 
and deep runs (Baltt et alt991; Hickman and RJelgh 1982). During winter cutthroat trout typically 
s e e k  deeper water associated with krge woody debris and may spend more than 75% of their rife 
history associated with pools (Moore and Gregory 1989). 

There is strong evidence that shifts away from channel equilibrium can res& in negative changes 
in the structure and function of stream ecosystems (Biiby and Ukens 1980 Schlosser 1982) and 
reduce their dependant fish populations. 8isson and Sedell (1982) reponed that where stream 
channels had become destabilhed riffles elongated and in many cases extended through former pool 
locations resulting in loss of pool volume and large stable debris for cover. They suggested that 
declines in older fish may have resufted due to their dependency upon deeper water habitats. 

. 

The function of headwater streams and their importance to downstream supported fisheries has been 
reviewed by Bilby and Ukens (1 980) and Schlosser (t  982). Their work suggests that organic debris 
dams are a important component of small stream ecosystems and that their loss resufts in considera- 
ble seasonal and annual variation in the trophic structure and total biomass of aquatic ecosystems. 
By maintaining lateral and instream habitat complexity in association with channel stability we can 
best provide for the persistence of viable populations of these sensitive species over time (Karr and 
Freemark 1983; Karf and Oudly 1981; Goman and Karr 1978). 

The data coliected to date suggest major changes in physical fish habitat have occurred in water- 
sheds which have been entered for the purposes of timber harvest since the establishment of the 
National Forests, and support observations by Sedell and Everest (1 990) of a long term decline in 
fish habitat quality throughout the P a c k  Northwest. The unentered watersheds of the upper St. Joe 
were burned in the 1 91 0 fire but are today stable and providing excellent fish habitat suggesting that 
the t 910 fire in and of *fieif is not the responsible for fish habitat conditions in Forest streams. Timber 
harvest and associated road construction appear to be the dominate land disturbing activities to 
which the observed shifts of habitat types and loss of pool volume and and depth can be attributed. 
The resub of these data suggest that watershed restoration activities may have to take priority Over 
harvest activities in watersheds where channel stability rS the over-riding consideration relative to 
restoring the physical and biological htegrety of the aquatic ecosystem and that changes in harvest 
techniques and road density and location may need to be incorporated imo all future sales to 
maintain or improve Channel stabiiii and fish habitat. 

, - 
. 

Prepared by: Dave Cross, Forest Fisheries Program Manager 

Date: March 1993 

52 

I 
I 

' F  
r! 

- E  :.. 
-3 



1. B a k ,  D.M., B. Vondracek, LR. Brown, and P.B. Moyls.  1991. Seasonal changes in microhhitat 
sdection by rainbow trout in-a small stream. Trans. Arner. Fish. Soc. IM:2:166-176. 

2. ailby, RE. and G.E. Likens, 1980. Importance of organic debris dams in the structure and function 
of stream ecosystems. Ecology 61 :5:1107-1113. 

3. Bission, P.A. and J.R Sedell. 1982 Salmonid populations in streams in clearcut vs old growth farest 
of western Washington. In: Meefian, W.R, T.R Merrall, J.W. Matttrwvs Ed& Fish and Wildlife Relation- 
ships in Old-Gmwth Forests. Proceedings of a Symposium. h e r .  Inst. Fish. Res. Bios. pgs 121-1 30. 

4. Campbell, Ronald F. and J.H. Neunkr. 1985. Seasonal ak diurnal shms tn habitat utilized by 
resident rainbow trout in westim Washington Cascade mountain streams. In: Forest Olson. Robert 
G. White, and RH. HamreTechnical Eds. Proceedings of the Symposium on Small Hydropower and 
Fisheries. pp 3948. 

5. Daltoff, C.A. and G.H. Reeves. 1990 Microhabitat partitloning among streamdwelling juvenile coho 
salmon Oncor~nchus kisutch and Dolly Varden, Sahhhus malm. Can. J. Fish. Aquat. Sci. 

6: Gorman. O.T. and J.R. Karr. 1978. Habitat arueture and stream fish communities. Ecology. 

472297-2306. 

59:31507-519. 

7. Hickman, T. and R.F. Rateigh. 1982. Habitat sutibilii indx models; Cutthroat trout. 
FWS/OBS-82/10.5. WELUT, Fort Collins. Co. 38pgs. 

8.Karr, J.P. and D.R. Dudley. 1981. Ecological perspectives on water quality goals. Env. Man. 5:55-68. 

9. err, J.R. and ICE. Freemark. 1983. Habitat sekction and environmental gradients: dynamics in the 
'stable' tropics. Ecology. W:6:1481-1494. 

10. Moore, 1CM.S. and S.V. Gregory. 1988. Summer habitat utilization and ecology of cutthroat troul 
fry in Cascade Mountain streams. Can. J. Fish. Aquatic. Sci. 45:1921-1930, 

1 f Schlosser, I.J. 1982 Trophic Structure reproductive success, and growth rate of fishes in a natural 
and modified headwater stream. Can. J. Fish. Aquat Sci. 39968-978.. 

1 2  Sedell, J.R. and F.H. Everest. 1990. Historic changes In pool habitat for Columbia River basin 
salmon under study for threatened and endangered species llststing. U.S. Forest Service. Pacific 
Noohwest Research Station. Cowallis, Oregon. 7pp. 

. 

13. Rieman, B. and K Appemn. 1989. Status and anafysis of salmonid fisheries: Westslope cutthroat 
traut synopsis and analysis of fishery information. Project F-T3-R-11. Idaho Department of Fish and 
Game. 

S 4 

.i 

. 1 .  

1 

53 



'51 0 1 'i 1 I 4 i i i i 

U
 0
 

p
e

r
c

e
n

t 

Y
 

p
e

r
c

e
n

t 

L
 

co
 

cn
 

01
 

t
u
 

c
a
 

p
. 

m
 

a3
 

0
 
0
 
0
 
0
 
0
 

L
 

0
 
0
 

...
...

...
...

...
 

...
...

...
...

. 
..

..
..

..
..

 
...

...
...

...
 

...
...

...
...

. 
..

..
..

..
..

..
..

 
..

..
..

. 
..

..
. 

..
..

..
..

..
 

..
..

..
..

..
 

..
..

 
..

..
 

I 

v
) 

L
 

0
 

CD
 z I
 

m e.
 

CD
 

Y
 



f 
Figure 2 

F St.Joe River, First Order,'!A" Type Channels 
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-. Figure 3 
St. Joe River, First Order,"Ai' Type Channels 
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Figure 4 
I t  II St.Joe Riveri.Second Order, A Type Channels 

Residual Pool Volume' 

200 

150 

100 

50 

0 

cubic feet 

. - . .  * .  

. . . . . .  

133' 

. .  

. . . .  

. .  . . . . .  
, .  . 

. .  . . . . . . .  

. .  
.. , .. 

. . .  , . .  

, .. 
. . . .  ...... . . .  . . . .  

.. . . . . . . . . . . . . . . . . . . . .  . .  . . . . . .  
. .  . . . . . . . .  
. . . . . . . . . . .  . .  . . . . . .  .. . . . .  ........ . -  . . . . .  . . . . . . . .  . . . . .  

Entered n=378 Unentered n=69 
26% Diffe-rence in Pool Vo.lume 



Figure 5 
St.Joe River, First Order,ltA" Type Channels 
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Figure 7 
St. Joe River, Second Order,"B" Type Channels 
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Figure 8 
St. Joe River, Second Drder,"B" Type Channels 
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Figure 9 
Coeur d'Alene, First Order,"A" Type Channels 
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Figure 10 
Zoeur d'Alene, First Order,"A" Type Channels 
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Figure -1-2 
Coeur d'Alene, Second Order,"B" Type Channels 
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Figure 13 
Coeur d'Alene, Second Order,"B".Type Channels 
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